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Abstract 

A standard Denil fishway and a steeppass fishway were 
operated adjacent to each other at a marsh in east-central 
Saskatchewan to determine how effectively these designs pass 
northern pike. Both fishways consisted of three sections 
from 8.2 to 10.4 metres in length at slopes of 10%. A total 
of 87 pike ascended the two fishways during the study in the 
spring of 1990. The fishways were operated at two flows, 
.045 m/s (.25 m depth) and .1 m’/s (.41 m depth). Pike were 
equally capable of ascending both fishways at both flow 
regimes. However, under the high flow regime, when pike 
were allowed to choose between fishways at the entrances, 
more pike ascended the steeppass fishway than the standard 
Denil fishway. There was no difference in the number of 
ascents at low flows. 

The channel downstream of the fishways was blocked with 
a two-way trap to monitor fish movements in the vicinity of 
the fishways. Forty-nine pike were tagged as they entered 
the study area and were later recaptured. Of these, twelve 
ascended the steeppass fishway and seven ascended the 
standard Denil fishway for an aggregate passage efficiency 
of 39%. The highest passage rate observed was in the 
steeppass fishway at the high flow regime, with an 
efficiency of 32%. 

There were no differences between fishways with respect | 
to length, sex or spawning condition of ascending pike. 


Average size of pike that ascended the fishways was less 
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than pike that did not ascend the fishways. There was no 
Gereerence between ascending and nonascending pike with 

respect to sex or spawning condition. Pike ascended the 
fishways with little delay after they entered the fishway 


area, with a median delay time of 2.75 hours. 
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too. 


Length frequency distribution of pike 
ascending standard Denil and steeppass 
fishways, Experiment Two, 1990. 


Length frequency distribution of nonascending 
pike, Experiment Two, 1990. 


Locations of recaptures of northern pike 
tagged at Siisiip fishways in 1989 field 
season. 


Velocity/time curves for standard Denil 
fishway operated at high flow. 


Velocity time curves for standard Denil 
fishway operated with depth of flow of 1.4 
metres. 
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LIST OF PLATES 


General view of Siisiip fishways. 
General view of Siisiip fishways. 


Upper portion of Siisiip fishways showing 
channels and upper resting pool. 


Upper resting pool, looking downstream into 
standard Denil channel. 


Construction details of steeppass fishway 
showing metal fins bolted to fishway floor and 
wood baffles fastened to fishway walls. 


Exit trap at upper end of standard Denil 
fishway. 


Exit traps at upper end of fishways. 


Exit trap showing control of water flow by 
placement of drop bars. 


Counting fence showing downstream trap in 
foregound, upstream trap in background. 


Counting fence with upstream trap. 


Counting fence and access channel to Centre 
Angling River. 
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LIST OF SYMBOLS 


clear width of fishway 

acceleration due to gravity (9.81 m/sec’) 
discharge 

dimensionless discharge, equal to Q/VgSob° 
bed slope of fishway 

time averaged longitudinal velocity 
velocity scale for steeppass fishway 
velocity scale for standard Denil fishway 
depth averaged velocity 

distance above bed of fishway 


depth of uniform flow 
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1. Introduction 

Migrations commonly occur among various species of fish 
and include the movement of fish to feeding areas, movement 
of adult fish to spawning areas and movement to areas with 
more hospitable conditions (Jens 1973). These migrations 
can be disrupted or blocked by natural obstructions such as 
rock slides or waterfalls or by man-made obstructions, such 
as dams or weirs (Clay 1961). A properly designed and 
installed fishway allows passage of fish past these 
obstructions. 

Considerable research has been conducted on the 
effectiveness of fishways but work has been mainly 
concentrated on facilities designed for anadromous species 
such as salmon (NTIS 1983). Field evaluations of fishway 
installations provide the best means of furthering our 
understanding of fishway function (Collins and Gillis 1985) 
yet few studies have been conducted on the success and 
suitability of different fishway designs for fish species 
common to the prairie region. 

In the spring of 1989 and 1990, a study was conducted 
to compare the performance of two types of fishways, the 
standard Denil and the Alaska steeppass Denil. These were 
installed and operated at a water control dyke forming part 
of the Siisiip Marsh complex developed by Ducks Unlimited 
(Canada) in the Cumberland Delta of east-central 


Saskatchewan (Figure 1). 


bine Senuiess yfthqarg A (fer Yetdy erley to ened 
anet? the inet- 16 aueedg evalfs yeuiers tefl 
; yuh 
ad Ho bujowines heed 2b eyseese Stel 7 
{inthe oned ere ain vee Avgkici? Ya aaoniav i S2ST 3S 
eoiougr avonttbens 30% Péephash gett iine 4 beter end 
yveudait 7o afolfe tire higis, « (28el: ce) waeses 2s aa 
sod witwerttiws Ie @ een, [hen bat ehivord ane toi ieseakh” 
(2808 etf{Fio bn6 wiiiie>) Ks fearrt yavrelt Qu priess selene 
Bie SPnohan “ht mo recuubned eared sved Ueifse wes cc) ae 
aniaeur ee 4o4 Sngtasb: ystilek> treepieah io ys? iidasiog " 
Liotpen ¢ia¥Yetq eft of noma 
Beteubie thw ybuyere O7¢1 baa TEC) TO-PEL=gY ers, aT: 
ef? ,ayiwhet? lo speys’ cha to pm bimolse] acs Sarqnoe a3 - 
wHeN omit! sLiaed oned(saie oneies ott ong Ctra a 
Bet 4 Werdweags od tagtose Talus ty th bedi kale tepletamae) 
Putielins a0 yd seqoieimd Adteeco Bdady’ giiete ede hee 
ferwoys-tave ta atlvd) Bnei sodeud ait ot (6 


(dh wsup.s) 


a 9 
£ 
ine) 


Cumberland 
Prince Albert _ Delta 


Saskatoon 


o Regina 


Figure 1. Map of Saskatchewan showing the location of the 
Cumberland Delta. 
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The Siisiip fishways are located adjacent to each other 
at the upstream end of an access channel connecting the 
Centre Angling River to the Dumbell-Knudsen Marsh which 
constitutes the western portion of the Siisiip Marsh complex 
(Figure 2). The Dumbell-Knudsen Marsh area had historically 
been used by northern pike for spawning and the fishways 
were installed to ensure continued access by spawners. 
Installation of these fishways provided an opportunity to 
compare their performance and efficiency with respect to 


northern pike. 


2% Fishway Design and Function 

A fishway is defined by Clay (1961) as "a water passage 
around or through an obstruction, so designed as to 
dissipate the energy in the water in such a manner as to 
enable the fish to ascend without undue stress". The energy 
of moving water is dissipated in the fishway by friction 
along the boundary of the channel or by abrupt changes in 
magnitude or direction of flow (Collins and Gillis 1985). 
Water velocities can thus be kept within the capabilities of 
the fish. A successful fishway should attract fish, allow 
them to enter and exit without delay, maintain suitable 
hydraulic conditions for the species of concern, permit exit 
without danger of being swept back and accomplish this 


without undue cost (Katopodis 1981). 
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2.1 Types of Fishways 

Numerous types of fishways exist but most fall into 
three broad categories: pool and weir, vertical slot and 
Denil (Katopodis 1981). The pool and weir is the 
traditional fish ladder consisting of a series of stepped 
pools with water flow controlled by weirs (Figure 3). 
Vertical slot fishways consist of a sloping channel divided 
into pools. Pools are joined by one or two vertical slots 
which direct the flow of water against the wall of the next 
pool (Figure 4). The Denil fishway consists of a 
rectangular flume with baffles that redirect the flow of 
water back onto itself (Figure 5) (MacLeod & Nemenyi 1941, 
Katopodis and Rajaratnam 1983). 

Pool and weir fishways have been used successfully for 
salmon, trout and other species that will readily swim or 
leap over weirs (Katopodis 1981). They offer a wide zone of 
passage (Collins and Gillis 1985) but operating problems can 
be encountered with fluctuating headwater levels (Bell 1986, 
Katopodis 1981). 

Vertical slot fishways have good energy dissipating 
properties, offer a deep zone of passage (Collins and Gillis 
1985) and can accommodate wide fluctuations in water level 
(Katopodis 1981). 

Denil fishways have excellent energy dissipating 
properties allowing construction at steep slopes (Ziemer 


1962) and have good entrance attraction for fish due to the 
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Figure 3. Pool and weir fishway (from Katopodis 1981) 
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Figure 4. Vertical slot fishways. Double slot design 
above, single slot design below (from Katopodis 1981) 
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Baffle Detail Longitudinal-Section 


Figure 5. Standard Denil fishway (from Katopodis 1981) 
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high volume of water carried. Denil fishways also offer a 
range of water velocities against which fish may swim. 
Energy dissipation occurs at discrete intervals in the 
pool and weir and vertical slot fishways by means of 
turbulence in the pools. In the Denil fishway, energy 
dissipation occurs throughout the length of the fishway by 


redirection of the water flow (Tomich et al. 1982). 


2.2 Denil Fishways 

Two major variations of the Denil fishway exist 
(Katopodis and Rajaratnam 1983). The standard Denil 
fishway, also known simply as the Denil, is very similar to 
a design adopted by the Committee on Fish Passes of the 
British Institute of Civil Engineers (Katopodis and 
Rajaratnam 1983). In this design, planar baffles of 
standard proportions are set into a flume at a 45 degree 
angle into the flow (Figure 5). The Alaska steeppass design 
(Ziemer 1962), referred to hereinafter as the steeppass, has 
a complex baffle configuration set perpendicular to the flow 
(Figure 6). The standard Denil and steeppass fishways are 
both efficient energy dissipators, with mean centreline 
water velocities of 11% and 14%, respectively, of expected 
velocities in flumes without baffles (Katopodis and 
Rajaratnam 1983). 

The different baffle configurations of the two designs 


result in significantly different flow patterns and velocity 
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Figure 6. Steeppass fishway (from Katopodis 1981) 
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regimes within the water columns (Rajaratnam and Katopodis 
1983). The standard Denil fishway exhibits low but constant 
velocities from the floor of the fishway up to a certain 
depth, then increasing velocities to the surface (Figure 7). 
Conversely, the steeppass design results in high water 
velocities near the bottom and decreasing velocities towards 
the surface (Figure 7), provided the ratio of depth to width 
of flow (yo/b) remains less than about 2.0 (Rajaratnam and 


Katopodis 1991). 


Sie Fishway Studies 
3.1 Suitability of Fishway Design to Capabilities of Fish 

Different species of fish have different swimming 
abilities (Beamish 1978, Jones et al. 1974) and exhibit 
differences in behaviour (Katopodis 1981). To be 
successful, a fishway must produce hydraulic conditions 
suited to the swimming capabilities and behaviour of the 
intended fish species. It is therefore important that 
various fishway designs be evaluated for their suitability 
for different species. 

Relatively few studies have been conducted on fishway 
passage of north-temperate freshwater fish (NTIS 1983). 
Carp (Cyprinus carpip L,), buttalofish ¥(ictiobus 
cyprinellus) and various sucker species readily ascended 
Denil fishways (McLeod and Nemenyi 1941, Einer 1944, 


Harrison 1948, Harrison and Speaker 1950, Fernet 1984, Tack 
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Figure 7. Left - Velocity profile of vertical axis at 
centre of fishway channel. Right - Velocity isotachs 
(cm/sec) of vertical cross-section of fishway channel (from 
Katopodis and Rajaratnam ee 
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and Fisher 1977, Katopodis et al. 1991) and vertical slot 
fishways (Dunn 1983, Tomich et al. 1982) but did not ascend 
pool and weir fishways as successfully (McLeod and Nemenyi 
1941, Minchau 1980). Good passage success was determined 
for walleye (Stizostedion vitreum Mitchill) and sauger 
(Stizostedion canadense Smith) in Denil fishways in western 
Canada (Katopodis et al. 1991) and for Arctic grayling 
(Thymallus arcticus Pallus) in a steeppass fishway in Alaska 
(Tack and Fisher 1977). Passage success for northern pike 
has generally been poor depending on fishway type. Low 
passage rates have been observed in pool and weir fishways 
(Minchau 1980, Tomich et al. 1982, Watters 1980) and 
vertical slot fishways (Dunn 1984). Passage success of 
northern pike in Denil fishways varies from poor to fair 


(Halstead 1984, Fernet 1984, Tomich et al. 1982). 


3.1.2 Suitability of Fishway Designs for Northern Pike 
in the Prairie Region 

3 elke 2a. Pool and Weir Fishways 

Evaluations of two pool and weir fishways in Alberta 
suggest that these facilities are unsuitable for northern 
pike. A tagging study at the Fawcett Lake pool and weir 
fishway in 1979 estimated that only 0.2% of available pike 
actually ascended through the ten pools (Minchau 1980). In 
1981, only one of twelve available pike ascended (Tomich et 


al. 1982). A smaller pool and weir fishway at Gregoire Lake 
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had a passage rate of only 6.4% for northern pike (Watters 
1980). Minchau (1980) suggested that excessive water 
velocities (1.21 m/sec) at the weirs impeded passage, 
however, Nelson (1983) found that pike had no difficulty in 
surmounting weirs against velocities of 3.0 m/sec. 
Possibly, pike do not ascend pool and weir fishways due to 
behavioural reactions to weirs. In addition to the design 
itself, low attraction flows and poor siting of the fishway 
entrances may have contributed to poor pike passage in pool 


and weir fishways (Minchau 1980, Tomich et al. 1982). 


Suleiace Vertical Slot Fishways 

Dunn (1983) monitored fish ascents at a thirteen bay 
vertical slot fishway at Katepwa Lake in Saskatchewan. 
Thousands of fish, mainly white suckers (Catostomus 
commersoni Lacépéde) and carp, ascended. Less than one per 
cent of ascending fish were northern pike. No estimate 
could be made of the number of pike attempting to ascend so 
its effectiveness for this species was not determined. 
Passage was probably reduced by the presence of competing 
attraction water from a nearby channel (Dunn 1983). 

A comparative study of a six bay vertical slot fishway 
and two Denil fishways at 10% and 20% slopes was conducted 
at the outlet of Lesser Slave Lake in Alberta (Schwalme et 
al. 1985). Fewer pike ascended the vertical slot fishway 


relative to the Denil fishways, suggesting that the vertical 
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slot fishway is not well suited for pike. 


Se li2e0 Denil Fishways 

Evaluations of standard Denil fishways at several 
locations in the prairie provinces suggest that these are 
Suitable for passage of northern pike. No studies of pike 
passage at steeppass fishways are available. 

A Denil fishway at Fawcett Lake, Alberta, passed 123 
northern pike. Of 802 pike tagged below the fishway, only 
18 ascended, for an efficiency of 2.3%. However, poor 
passage may have been due to low water levels in the 
fishway, poor entrance location and competing flow from a 
nearby weir (Halstead 1984). Modifications to the entrance 
and higher water levels increased the estimated efficiency 
to 10.4% the following year (Fernet 1984). 

Large numbers of pike were observed ascending a Denil 
fishway at Cowan Lake, Saskatchewan (Katopodis et al. 1991). 
Over a three week period in 1985, approximately 6600 pike 
ascended. Although no efficiency estimate was made, the 
high numbers suggest that this design is compatible with 
pike requirements. 

A small Denil fishway on the Wilson River in Manitoba 
initially showed poor results for northern pike (Tomich et 
al. 1982). Only one of twenty pike attempting to ascend 
actually succeeded. Poor success was attributed to 


unsuitable entrance conditions. A total of 73 pike were 
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captured and placed in the fishway channel at water 
een ee ranging from .2 m/sec to .6 m/sec. Passage 
efficiency within the fishway ranged from 14.3% at high 
flows to 55.6% at intermediate flows. 

A comparative evaluation of two Denil fishways and a 
vertical slot fishway was conducted at Lesser Slave Lake in 
1984 (Schwalme et al. 1985). Few pike were available for 
ascent, but the study demonstrated a preference by pike for 
the Denil fishways. 

These studies suggest that when entrance conditions are 
acceptable, Denil fishways provide suitable conditions for 


passage of northern pike. 


4. Study Objectives 

Field evaluations of fishways provide the best means of 
increasing our understanding of fishway function (Collins 
and Gillis 1985). However, relatively few studies have been 
conducted on the suitability of fishways for north-temperate 
freshwater fish. Some studies have examined passage of 
northern pike at standard Denil fishways (Fernet 1984, 
Halstead 1984, Katopodis et al. 1991) but none have 
considered the use of steeppass fishways by this species. 
Few studies have determined realistic efficiency estimates, 
that is, an estimate of the number of fish ascending a 
fishway relative to the number below the fishway available 


for ascent. Only a few studies have made direct comparisons 


16 


a ae 


| ect te Le 
| epssend eae 
‘Abin gn 20cer moat bo 
seen 
# fine a¢nweials linet! owe To aighs 
“k ete! oval rea=et tA patsuGOe 
$49 eldaltevs oisw 4 (ig \Gst 
Hi cotta ye cone TaIasy A intestines yenie sme ME: : 
aa (aad 
gis wRo.Jihnos sone tine asae sath, J mr ne ihattiec aca 
1? utoitibnes sldativa Whdvergyayeutini? Pined joidete 
wile niedcior Fo aps 


a 
gertinegdo yoete ob 
tM ausen frat oa7 shlvedg. Newder tte. stordevteve oi ath 


a, 


MALLICT) MoObsane) YRwrtes? to Wertinindies ety ste eS a 
nse gran eotbuse wet Ypowienieoy ~xevewod . - 1081 e110 Re 
ste tederine st ~ Ar yert na ages a to. y Pts idetiog ent to Latnehogs i. 

16 wpbeeby ser laguk evar! adi bata 4407  oHél? s2tardews 
(eee) Sanves) eyawieat? Liga tietaaza ga o2d4 tamer 
eves (stein, Fyts (PEE (ante s hogecial) (bees eee La 

| Lesiuews el att vo zie tal? eoeq4t4ds. 10 ebm ond. in inbienge: 
phetanisas yonslopd We lo etigey Fania yere (B6Sit Bose wnt 
& Onbivigouse fest to. ¢adidud ee? to afewlter ae oi ae 


_ 
- 


- 
_ 
Witatiove vated tact vole aaQmin Bite -of-evddetes ery] ~ 


ancalredaoo 340sih aban avac naar MoD S Yin 2 


a 
_ 
ar 


~_ a an 


of performance of two types of fishways at the same location 


(Schwalme et al. 1985, McLeod and Nemenyi 1941, Smith 1985) 


and there have been no comparative studies of standard Denil 


and steeppass fishways. 


This research examined the performance of a Denil 


fishway and a steeppass fishway with respect to northern 


pike. Specific objectives were: 


(1) 


(2) 


(3) 


(4) 


To compare the performance of standard Denil and 
steeppass fishways. Comparisons between fishways 
of northern pike passage were made at two 
different flow regimes. 

To relate fish passage to flow conditions in the 
fishways. For each fishway, comparisons were made 
of pike passage at two flow regimes. 

To estimate the passage efficiency of these 
fishways. A comparison was made of the number of 
pike that actually ascended the fishways to the 
number of pike that were available for ascent 
below the fishways. 

To determine if the fishways select for passage of 
fish based on physical characteristics of the 
fish. Comparisons of length, sex and spawning 
condition were made between fish that ascended the 
fishways and fish that did not ascend the 


fishways. 
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5. Methodology 

Sel Procedures 

5.1.1 Fish Sampling 
5.1.1.1. Live Sampling 

Before handling, all fish were anaesthetized with a 
solution of 2-phenoxyethanol mixed at approximately 30 ml to 
35 litres of water. After sampling, fish were placed ina 
tub of clean water until fully recovered (usually about five 
minutes) and then released. 

Fork length was determined for all fish by measurement 
on a wooden measuring board graduated in 2mm increments. 

Weight was determined for approximately every third 
fish sampled. Small fish were weighed with a 2000 g O’Haus 
spring scale and larger fish with a 27 kg Hanson Model 603 
scale. Small fish were weighed to the nearest 25 g and 
larger fish were weighed to the nearest 100 g. Scales were 
periodically calibrated with standard weights. All fish 
were placed in plastic or nylon mesh bags to avoid injury 
during the weighing procedure. 

Sex was determined whenever possible by expression of 
sexual products. In addition, white suckers were 
identifiable as males by the presence of nuptial tubercles 
on the fins. 

Spawning condition was determined by the amount and 
ease of expression of sexual products when the fish were 


gently stroked posteriorly along the abdomen and by general 
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abdominal condition. Four categories of spawning condition 
were noted: 

(1) Green - no sexual products expelled, abdomen firm. 

(2) Expressing - gentle pressure produced a small 

amount of sexual products. 

(3) Ripe - considerable amount of sexual products 

expelled from gentle pressure on abdomen or from 

handling the fish. 

(4) Spent - no sexual products expelled, abdomen 

flaccid: 

In some cases, difficulties were experienced in 
distinguishing between green and spent pike on initial 
capture. Frequently, this condition could be either 
confirmed or modified by examination of the fish on 


subsequent captures. 


Selelee Destructive Sampling 

A small number of white suckers leaving the study area 
were destructively sampled to confirm sex and spawning 
condition determined from external examinations. Pike were 
not destructively sampled due to the relatively small 


numbers in the study area. 


Lin aa bs Tagging 


Immediately after anaesthetizing, a numbered Monel tag 


was attached to the left operculum of each fish. Tags were 
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imprinted with the letters SPRR (for Saskatchewan Parks and 
Renewable Resources) to assist the public in reporting 


captured fish. 


Se iwe Physical Parameters 
5.1.2.1 Water Temperature 

Water temperature was measured with an Ertco Model 
P9367 thermometer. Temperatures were measured in the Centre 
Angling River at mid-afternoon to represent the maximum 
daily temperature in the river system. Early morning and 
evening readings were taken in the fishway channels to 
approximate the minimum and maximum daily water temperatures 


at the fishways. 


Sal .i2e2 Headwater and Tailwater Elevations 

Permanent staff gauges were installed by Ducks 
Unlimited (Canada) at the upstream and downstream ends of 
the fishways and the geodetic elevation determined for the 
base of each gauge. Water elevations were recorded at 7:00 
AM and 7:00 PM daily. Levels were recorded as feet above 


sea level and later converted to metres above sea level. 


Sole2e3 Fishway Depths, Discharges and Water Velocities 
Depths of flow were determined by measuring from the 
top of the fishway to the water surface. This measurement 


was subtracted from the total fishway depth to provide a 
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value for water depth. Measurements were made at three 
fecaeone on each section of the fishway - two metres from 
the lower end, midway, and two metres from the upper end. 
Measurements were made at the beginning and end of each 
trial period and averaged to provide an overall mean depth 
of flow for the period. The mean depth of flow was then 
used to calculate discharge and velocity values. 

Due to backwater effects, only the uppermost sections 
of the fishways had uniform flow conditions throughout the 
study. Discharge and velocity calculations were therefore 
restricted to these sections. 

Formulae developed by Dr. N. Rajaratnam of the 
University of Alberta and C. Katopodis of the Freshwater 
Institute in Winnipeg were used to calculate the discharge Q 
and local velocities u. Depth averaged velocities U were 
then calculated from local velocities. Calculations of 
local velocities and depth averaged velocities were carried 
out by C. Katopodis at the Freshwater Institute, Winnipeg. 


Formulae are contained in Appendix 1. 


Saar Design of Fishways 

Both fishways consisted of three sections of channel 
separated by stilling basins or resting pools. The fishways 
were immediately adjacent with a common centre wall on the 
channel sections and removable plank dividing walls in the 


resting pools (Appendix 2, Plates 1 to 4). 
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Plate 1. General view of Siisiip fishways. Standard Denil 
fishway on left, steeppass fishway on right. 


Plate 2. General view of Siisiip fishways. Note water 
elevation relative to Plate 1. 
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Plate 3. Upper portion of Siisiip fishways showing channels 
and upper resting pool. Standard denil fishway on 
left, steeppass fishway on right. 
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Plate 4. Upper resting pool, looking downstream into 
standard Denil channel. Note plank dividing wall 
on left. 
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The lowermost channel of each fishway was 10.4 metres 
in length. The middle and upper sections were both 8.2 
metres in length. The lower section was 2.0 metres deep 
whereas the other sections were 1.53 metres deep. All 
sections were .71 metres in width. The slope was 10% 
throughout the fishway. Resting pools were 2.74 metres 
long, 3.73 metres wide and 3.0 metres deep. 

Elevation of the fishway floor was 265.85 m ASL at the 
entrance and 268.53 m ASL at the exit for an elevation 
difference of 2.68 metres. 

The fishways were constructed entirely of treated 
lumber while the resting pools were sheet piling with rock 
bases. 

Baffles were placed in the standard Denil fishway at 30 
cm intervals at an angle of 45 degrees to the floor 
(Plate 4). Baffles were placed in slots for easy removal 
and built to standard dimensions (Appendix 3). 

The steeppass baffles were constructed from two 
components. The inverted V and fins of the base were 
constructed of welded metal and bolted to the fishway floor 
whereas baffles were constructed of treated plywood set into 
top and bottom plates. These units were bolted to the floor 
in alignment with the metal fins of the base (Plate 5). All 


components were built to standard dimensions (Appendix 3). 
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Plate 5. Construction details of steeppass fishway showing 
metal fins bolted to fishway floor and wood 
baffles fastened to fishway walls. 
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Saas Design of Fishway Exit Traps 

Traps were placed at the exits of the upper sections of 
both fishways. Exit traps were constructed of 38mm tubular 
steel frames and expanded steel mesh measuring 55mm x 20 mm 
(Plates 6 and 7). Cages were 1.870 metres long, .775 metres 
wide, and 1.530 metres deep. The front of the traps 
(adjoining the fishway exit) were equipped with hinged gates 
which closed to a minimum opening of 26 cm. The gates were 
extended by the addition of flaps of 1/4" Vexar plastic 
mesh. The flaps overlapped slightly to allow fish to push 
them open to enter the trap but prevented subsequent escape. 

Modifications were made to the traps to allow control 
of water flow through the fishways. Plywood sheathing of 
-64 cm thickness was wired to the bottom of the cages and to 
both sides to a height of .75 metres (about .15 metres above 
the water level). The ends opposite the gates were equipped 
with slots to accept 44 mm wide wooden bars. The volume of 
water entering the cages and subsequently the fishways was 
controlled by adjustment of the number and sizes of bars in 


the slots (Plate 8). 


5.2.4 Counting Fence 

A counting fence was installed in the fishway access 
channel approximately 50 metres downstream of the fishway. 
Depth at the centre of the channel varied from 2.4 metres to 


1.2 metres depending on tailwater elevation. 
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Plate 6. Exit trap at upper end of standard Denil fishway. 
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Plate 7. Exit traps at upper end of fishways. 


Plate 8. Exit traps showing control of water flow by 
placement of drop bars. 
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The counting fence consisted of an upstream trap 3.6 
metres square and 2.4 metres deep and a downstream trap 
three metres square and 2.4 metres deep, connected to each 
other and to both banks by 2.4 metre deep leads (Figure 8, 
Plates 9 to 11). Trap material was 1.3 centimetre square 
nylon mesh whereas material for leads was 2.5 centimetre 
square nylon mesh. Traps and lateral leads were secured by 
wooden posts driven into the channel bottom. Post ends 
approximately ten centimetres in diametre were tied to the 
tops of the centre lead to allow it to float with 
fluctuating water levels. All leads and trap entrances were 
securely sealed to the channel bottom with rocks. With this 
arrangement of traps and leads, fish moving upstream in the 
access channel were guided into the upstream traps whereas 
fish moving downstream out of the area were captured in the 
downstream trap. This allowed a continuous record to be 


maintained of fish in the pool area below the fishways. 


5.2.5 Operation 
§.2.5.1 1989 Study 

The exit cages and counting fence were installed as 
described in Sections 5.2.3 and 5.2.4. The upstream trap 
was checked once daily at 7:00 AM for fish captures. 
Tagging and measurements were carried out as described in 
Section 4.1.2 and all data recorded. Fish were released 


upstream into the pool. The downstream trap was checked for 
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Figure 8. Layout of Siisiip fishways study area. 
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Plate 9. Counting fence showing downstream trap in 
foreground, upstream trap in background. 


Plate 10. Counting fence with upstream trap. 
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Plate 11. Counting fence and access channel to Centre 
Angling River. 
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fish captures twice daily at 7:00 AM and 7:00 PM. Tag 
numbers of previously captured fish were recorded along with 
their current spawning condition. Fish were released on the 
downstream side of the counting fence into the channel. 

As a check on tagging and handling stress, several fish 
were placed into a retaining pen after initial examination 
and tagging at the upstream trap. Fish were reexamined and 
released to the pool after 24 hours. 

The 1989 season was the first year of operation of the 
Siisiip Marsh Complex by Ducks Unlimited. The marsh complex 
did not fill in 1989 due to low runoff therefore there was 
insufficient head to properly operate the fishways. The 
steeppass fishway was non-functional throughout the 1989 
field season whereas the standard Denil fishway could be 
operated only at depths of six to eight centimetres. 

The main objectives of the study could not be addressed 
in 1989 due to the low water levels. However, several pike 
were placed in resting pools in the standard Denil fishway 
to determine if they would ascend under these conditions and 
observations were made of their behaviour in the resting 


pools (Appendix 4). 


Sy 2eoee 1990, Experiment One 
The counting fence could not be installed during the 
early stages of the 1990 study due to thick ice along the 


channel banks. Instead, gill nets were used to capture fish 
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entering the study area. Use of small mesh nets along with 
frequent monitoring insured that injuries to pike were 
minimized. 

All gillnetted fish were subjected to tagging and 
examination as described in Section 5.1.1 and released back 
into the channel. Six pike were held in the retaining pen 
for 24 hours as a check on handling stress, then released to 
the channel. 

Fishway operation was divided into twenty, twelve hour 
periods corresponding roughly to day (7:00 AM to 7:00 PM) 
and night (7:00 PM to 7:00 AM) (Table 1). The fishways were 
operated at both low and high flow regimes. For each 48 
hour period, the flow regime for the first day period was 
chosen by a coin toss and the flow regime for the second day 
period was determined by default. Flow regimes for each 
night period were determined in the same manner. This 
ensured that high and low flows were equally represented 
during days and nights throughout the study period. 

Flows were controlled by addition or removal of bars in 
the exit traps to obtain the desired depth in the fishway 
channels. The low flow regime was indicated by a depth of 
about 25 cm and the high flow regime by a depth of about 40 
cm. Both fishways were always operated with matching flow 
regimes. It should be noted that fishways are generally 
operated at greater depths than these. However, headwater 


elevations relative to the fishway limited the maximum depth 
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Table 1. Operating periods and flow levels in Siisiip 
Fishways during Experiment One, 1990. 


Flow 
Period Time and Date Day/Night Level 
1 7 AM May 3 to 7 PM May 3 Day High 
2 7 PM May 3 to 7 AM May 4 Night High 
3 7 AM May 4 to 7 PM May 4 Day Low 
4 7 PM May 4 to 7 AM May 5 Night Low 
5 7 AM May 5 to 7 PM May 5 Day High 
6 7 PM May 5 to 7 AM May 6 Night High 
7 7 AM May 6 to 7 PM May 6 Day Low 
8 7 PM May 6 to 7 AM May 7 Night Low 
9 7 AM May 7 to 7 PM May 7 Day High 
10 7 PM May 7 to 7 AM May 8 Night Low 
at 7 AM May 8 to 7 PM May 8 Day Low 
12 7 PM May 8 to 7 AM May 9 Night High 
13 7 AM May 9 to 7 PM May 9 Day High 
14 7 PM May 9 to 7 AM May 10 Night High 
15 7 AM May 10 to 7 PM May 10 Day Low 
16 7 PM May 10 to 7 AM May 11 Night Low 
17 7 AM May 11 to 7 PM May 11 ~~ #2Day High 
18 7 PM May 11 to 7 AM May 12 Night High 
19 7 AM May 12 to 7 PM May 12 Day Low 
20 7 PM May 12 to 7 AM May 13 Night Low 


Table 2. Operating periods and flow levels in Siisiip 
Fishways during Experiment Two, 1990. 


Flow 
Period Time and Date Day/Night Level 
Zi 7 PM May 13 to 7 AM May 14 Night Low 
22 7 AM May 14 to 7 PM May 14 Day High 
7S 7 PM May 14 to 7 AM May 15 Night High 
24 7" AM-May "15 to’ 77> PM=May 15 Day Low 
25 7 PM May 15 to 7 AM May 16 Night Low 
26 7 AM May 16 to 7 PM May 16 Day Low 
27 7 PM May 16 to 7 AM May 17 Night High 
28 7 AM May 17 to 7 PM May 17 Day High 
29 7 PM May 17 to 7 AM May 18 Night Low 
30 7 AM May 18 to 7 PM May 18 Day High 
oil 7 PM May 18 to 7 AM May 19 Night High 
32 7 AM May 19°to 7 PM May 19 Day Low 
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of flow in this study. 

In Experiment One, dividers were kept in place in the 
resting pools at all times. Thus, if a fish entered either 
fishway at the entrance, it had to ascend that fishway to 
the exit, or turn around and leave the fishway completely. 
Throughout Experiment One tailwater levels remained high, 
such that flow was consistently fully developed only in the 
upper channel and the lower channels were consistently 
subjected to backwater effects. Fish were therefore unable 
to distinguish between fishways based on flow patterns at 
the entrances and entry to either fishway was determined by 
chance. 

Since it can be assumed that approximately equal 
numbers of fish entered each fishway, a comparison of the 
number of fish ascending the fishways indicates the ability 
of the fish to ascend each fishway regardless of any 
preference they may have for either flow pattern. The 
fishways were operated at two flow regimes, allowing passage 
comparisons between fishways at each flow regime and 
comparisons between flow regimes for each fishway. 

Efficiency estimates were made by comparing the number 
of tagged pike that ascended the fishways to the total 


number of tagged pike. 


Se2aoes 1990, Experiment Two 


The counting fence was installed on May 12 and 13 with 
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the same layout as in 1989. Experiment Two began May 13. 
All fish captured in the upstream and downstream traps were 
tagged and examined as in 1989. Fish captured in the 
upstream trap were released upstream to the pool whereas 
fish captured in the downstream trap were released 
downstream to the channel. Fish were not retained for 
assessment of handling and tagging stress at this point to 
avoid delays in fishway ascents. Instead, several pike that 
later ascended the fishways were held overnight in the 
retaining pen to check for handling stress. 

Fishway operation was divided into twelve periods of 
twelve hours each with an even number of high and low flow 
regimes (Table 2). High and low flow regimes were 
determined in the same manner as in Experiment Two. 

In Experiment Two, the dividers were removed from the 
resting pools below the lowermost fishway channels 
exhibiting fully developed flow. In most periods, this was 
the upper resting pool. However, in three periods fully 
developed flow was evident in the middle pair of channels. 
In those periods, the dividers were removed from the lower 
resting pool and dividers replaced in the upper resting 
pool. This ensured that fish were able to make a choice 
between fishways based on the flow pattern before they 
entered but that once they entered, they could not gain 
access to the other fishway. Since fish were able to choose 


which fishway to enter based on the flow pattern, Experiment 
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Two not only assessed their ability to ascend the fishway 
but also their preference for either fishway. 

Fishways were operated at two flow regimes allowing 
comparisons to be made between fishways at each flow regime 


and between flow regimes for each fishway. 


5.2.6 Swimming Speed of Northern Pike 

The swimming speed of northern pike using the fishways 
was estimated by two means. In the first method, an orange 
bar was fastened in each fishway at the upper end of the 
upper channel, horizontally at a height of 20 cm from the 
bottom of the fishways. Ascending pike were then observed 
to swim either over or under the bar. Since both fishways 
had predictable water velocities at particular depths, the 
approximate water velocity against which the pike ascended 
could be determined (this assumes that the pike maintained 
approximately the same depth of ascent through the fishway 
and therefore encountered the same water velocities). This 
velocity represents the minimum swimming speed of the fish. 

In the second method, pike were observed to enter the 
upper channel of the fishway and their ascent to the exit 
was timed. The sum of the water velocity in the fishway and 
the calculated forward velocity of the fish represented the 


swimming speed. 
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es) Data Analysis 
Seaerk Passage Comparisons 

For both experiments, there were four combinations of 
fishways and flow regimes - standard Denil with low flow, 
standard Denil with high flow, steeppass with low flow and 
steeppass with high flow. A G-test was performed to 
determine if the observed frequencies of passage among these 
combinations differed from the expected frequencies. Pair- 
wise G-tests were then performed between fishways at each 
flow regime and between flow regimes for each fishway. It 
is not valid to perform a large number of pair-wise 
comparisons because some apparently significant differences 
will occur simply by chance. However, only four comparisons 
were made in each experiment, minimizing the possibility of 
a Type I error. 

For G-tests involving two sample comparisons a 
continuity correction was applied (Sokal and Rohlf 1981, 
Prepas 1982). Where n < 25, exact probabilities were 


calculated (Sokal and Rohlf 1981). 


5.3.2 Physical Characteristics of Fish 

Comparisons of population features were made to 
determine if the fishways selected against any segment of 
the fish population. Comparisons were first made between 
fish ascending the standard Denil fishway and fish ascending 


the steeppass fishway. For each characteristic, if no 
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differences were found, data for the two fishways were 
combined. The ascending fish were then compared to the non- 
ascending fish with respect to that feature. 

Population features considered were length, sex and 
spawning condition. In comparing lengths, data were first 
tested for normality using the Kolmogorov-Smirnov test where 
n < 30 and the chi-square test for normality where n > 30 
(Sokal and Rohlf 1981, Prepas 1982). Homogeneity of 
variances was confirmed and lengths were then compared using 
t-tests. G-tests were used to compare sex and spawning 
condition of ascending and nonascending fish. 

Comparisons were not made for fish in Experiment One. 
As explained in subsequent sections, it is likely that some 
of the gillnetted fish in Experiment One were capable of 
ascending the fishways but did not, due to the effects of 
handling stress. Inclusion of these fish with nonascending 
fish would bias the results, therefore comparisons were made 


for Experiment Two only. 


533.3 Efficiency Estimate 
Sage seL Definition 

Fishway efficiency is defined as the number of fish 
that enter and successfully ascend a fishway, relative to 
the number of fish that are in the vicinity of the fishway 
and available for ascent. This definition allows for a 


complete assessment of fishway passage efficiency since it 
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considers not only the suitability of conditions within the 


fishway but also the suitability of entrance conditions. 


§ 33.3.2 Tracking of Fish 

To determine fishway efficiency, it was necessary to 
know how many fish were in the pool available for ascent. 
Further, to make comparisons of population characteristics 
between ascending and non-ascending fish, it was necessary 
to know which individual fish were available in the pool. 

Fish were tracked through the study area during 
Experiment Two by recording tag numbers at all entrances and 
exits in the area. Tag numbers were recorded as fish were 
released to the pool from the upstream trap and when the 
fish leaving the area were captured in the downstream trap 
and the fishway traps. Fish were added to the pool daily at 
about 7:00 AM from the upstream trap. Fish were recorded 
leaving the pool via the downstream trap and the fishways 
twice daily at 7:00 AM and 7:00 PM. It was therefore 
possible to monitor the numbers and identity of individual 


fish in the pool for each twelve hour period of the study. 


523.962 Aggregate Efficiency 

Aggregate efficiency is the total number of fish that 
ascended both fishways at both flow rates, relative to the 
number of fish available for ascent. 


In Experiment One, the fish available for ascent 
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consisted of all fish caught in the pool area by gill net 
and tagged whereas ascents were any of these tagged fish 
that ascended the fishways. Two estimates of aggregate 
efficiency were made in Experiment Two. The first estimate 
considered only fish that entered from the upstream trap and 
were tracked through the study area to one of the exit 
points or were gill netted from the pool at the end of the 
study. This represents a maximum estimate of efficiency. 
However, several fish were not accounted for in this manner 
and may have escaped through a hole in the centre lead of 
the counting fence. A second estimate of efficiency was 
made which included these fish as available for passage and 


represents the minimum passage efficiency. 


5.3.3.4 Fishway/Flow Regime Efficiencies 

For each of the four combinations of fishway types and 
flow regimes in Experiment Two, individual efficiencies were 
determined by the ratio of the number of ascending fish to 
the number of fish available for ascent. In each case, the 
number of fish ascents was obtained by summing the number of 
ascents of the applicable fishway in each of the twelve hour 
periods having the appropriate flow regime. The number of 
fish available for ascent was obtained by counting all fish 
that were present in the pool during at least one twelve 
hour period of the appropriate flow regime. 


These efficiencies were not determined for Experiment 
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One due to the low number of ascents of tagged fish. 


5336365 Period Efficiencies 

The period efficiency is the number of pike ascending 
during a twelve hour period relative to the number available 
for ascent during the same period. Period efficiencies were 
calculated for each of the twelve periods in Experiment Two, 
in aggregate and for each fishway. Mean period efficiencies 


were also calculated for all four fishway/flow combinations. 


6. Results 
6.1 Physical Conditions 
6.1.1 Water Temperatures 
6.1.1.1 1989 

Water temperatures for the Centre Angling River and the 
fishways are shown in Table 3. Gaps in the fishway 
temperature data are due to absences from the site. Water 
temperatures at the fishway were consistently warmer than 
the river due to early breakup and warming of the shallow 


Dumbell-—-Knudsen Marsh. 


6.1.1.2 1990 

Water temperatures in 1990 were generally colder than 
in 1989 due to unusually cold weather lasting until mid-May 
(Table 4). As in 1989, water temperatures at the fishway 


were warmer than the river due to the shallow, rapidly 
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Table 3. Water temperatures in Centre Angling 
River and Siisiip fishways, 1989. 


Water Temperature (°C) 


River Fishway Fishway 
Date (Afternoon) (AM) (PM) 
April 25 3.5 
26 6.0 11.0 
27 3.0 10 10.0 
28 7.0 9.5 
29 
30 
May Bk 
Ps 8.5 10.0 
S) 7.0 8.5 
4 TAY 8.0 
a 6.0 S25 
6 5.0 US 107.5 
7 6.0 8.0 11.0 
8 8.0 lee 
9 6.0 9.0 
10 L265 12.0 
1, 7.0 sya (®) 12.0 
12 8.0 14.0 18.0 
a gh 9.0 LSD 18.0 
14 130 20.0 
15 8.5 14.0 12.0 
16 Re) 1570 L520 
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Table 4. Water temperatures in Centre Angling 
River and Siisiip fishways, 1990. 


Water Temperature (°C) 


River Fishway Fishway 
Date (Afternoon) (AM) (PM) 
May 2 3.5 5.0 
3 4.0 530 
4 4.0 SO 
5 3.0 4.0 5.5 
6 225 4.5 7.0 
7 3.5 4.5 3.0 
8 3.0 5.0 
9 4.5 4.5 6.0 
10 5.0 6.0 7.0 
st C0 Fie) 
12 225 JO aU 
13 3.5 IS 10.0 
14 i hyo oD LT hte) 
15 9.0 71,30 
16 9.0 £1.20 
wey 9.0 12.0 
18 Zo 
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warming marsh above the fishways. 


6.1.2 Headwater and Tailwater Elevations 
6.1.2.1 1989 

Headwater and tailwater elevations are listed in Table 
5. Dumbell-Knudsen Marsh fills by local runoff and by flow 
diverted from the Centre Angling River. Unusually low 
snowfall in the winter of 1988-89 resulted in low runoff and 
headwater levels did not rise during the study period. The 
maximum headwater elevation reached was 268.87 metres ASL on 
April 28 but this declined to 268.57 metres ASL by the end 
of the study. This was only slightly above the invert 
elevation of 268.53 metres ASL for the fishway exit and 
considerably less than the full supply level for the marsh 
of 269.14 metres ASL. 

Diel tailwater elevations fluctuated considerably due 
to the operation of the E. B. Campbell Dam Hydro Station, 
located 70 kilometres upstream. Tailwater elevations 
regularly rose during the daytime and dropped overnight. 
The average fluctuation over a twelve hour period was .26 
metres with the maximum difference of .68 metres occurring 
on May 9. 

Tailwater fluctuations resulted in considerable 
variations in head. Head varied from .72 metres to 2.02 


metres with a mean of 1.3 metres (Table 5). 
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Table 5. Geodetic headwater and tailwater elevations 
at Siisiip fishways, 1989. 


Elevation (m ASL) 
Date Time Headwater Tailwater Head (m) 
April 25 500 PM 268.33 267.48 -85 
26 1145 AM 268.51 267.79 mie 
26 700 PM 268.57 267.7 1 86 
27 700 AM 268.66 267.84 -82 
27 345 PM 268.69 207 ei7 -92 
28 845 AM 268.87 267.84 2.038 
28 
29 
29 
30 
30 
May zl 
a 
2 1030 AM 268.82 267.50 132 
2 510 PM 268.75 26/26 1.59 
3 700 AM 268.75 267.43 Deeg Wr 
3 700 PM 268.75 266.98 VES WET) 
4 715 AM 268.69 267.32 d2386 
4 445 PM 268.64 2675.23 1.41 
5 700 AM 268.64 2Odres L 33 
5 700 PM 268.64 207.07 hsp) 
6 745 AM 268.75 267.42 Los 
6 415 PM 268.57 2 Ove 0 5 the eye 
7 700 AM 268.39 267.19 il ord e) 
7 800 PM 268.39 266.72 1.67 
8 715 AM 268.39 266.88 thes ysl 
8 745 PM 268.33 266.80 ee 3 
9 700 AM 2Ooaad 267.48 -89 
9 
10 730 AM 268.46 267.63 sists! 
10 700 PM 268.55 267.28 au, 
11 650 AM 268.51 267.57 94 
17.00) &M 268.57 Zor eto 1239 
12, ,/30° AM 269.49 267.47 fps OP: 
12 650 PM 268.57 267.16 1.41 
13 735 AM 268.57 267.46 sp hak 
alzho  yer vals 268.56 267.04 aly tei 
14 700 AM 268.56 267615 1.41 
14 700 PM 268.57 266.98 loo 
15" 715 AM 268.56 267.08 1.48 
15 700 PM 260.506 267.04 1.52 
16 700 AM 268.56 267.49 O07 
Tome O08 eM 260.07 266.94 i763 
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6.1.2.2 1990 

Headwater and tailwater elevations for 1990 are listed 
in Table 6. Water levels in Dumbell-Knudsen Marsh 
approached the full supply level in 1990. The maximum 
headwater elevation was 269.08 metres ASL on May 19, just 
.06 metres below full supply level. 

Tailwater levels varied less than in 1989, with a mean 
difference over twelve hours of .15 metres and a maximum 
twelve hour difference of .51 metres. Head varied from .84 


metres to 1.71 metres with a mean of 1.16 metres. 


6.1.3 Fishway Water Velocities 

Low headwater elevations in 1989 prevented proper 
operation of the fishways. The steeppass fishway was 
nonfunctional throughout the study period and only a minimal 
depth of flow occurred in the standard Denil fishway. 
Maximum depth of flow was about .08 metres and water 


velocity was estimated at about .35 m/sec. 


6.1.3.1 1990 

Both fishways were fully operational throughout the 
1990 study period. Tables 7 and 8 contain depth, discharge 
and velocity data for the standard Denil fishway at low and 
high flow, respectively, while Tables 9 and 10 contain these 
data for the steeppass fishway at low and high flow. 


Average values for each fishway at each flow rate are 
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Table 6. Geodetic headwater and tailwater elevations 
at Siisiip fishways, 1990. 


Elevation (m_ ASL) 
Date Time Headwater Tailwater Head (m) 
April 27 700 PM 268.93 
28 700 PM 268.93 
29 700 AM 268.96 
29 700 PM 268.96 267.85 Daa 
30 1100 AM 268.96 267.58 12338 
30 700 PM 268.96 267.49 1.47 
May 1 800 AM 268.96 267.79 ate ty / 
1 700 PM 268.96 267.57 139 
2 715 AM 268.96 267.96 -99 
2) 71 55PM 268.96 267.99 397 
3 700 AM 268.96 268.07 -90 
3) 7009PM 268.97 265, 12 2o3 
4 700 AM 268.98 268.08 -90 
4 715 PM 268.98 PNG he 4) 1ei2 
5 700 AM 268.99 267.95 Le03 
5 700 PM 268.99 267.93 1.06 
6 700 AM 268.99 267.89 aha ahek 
6 720 PM 268.99 2076173 L2G 
7 700 AM 268.99 26/203 1.46 
7 700 PM 268.99 207 «26 Ay 2k 
8 715 AM 269.00 267.94 1.06 
8 700 PM 269.01 267.96 L205 
9 710 AM 269.02 ZOG. Lae -90 
9 700 PM 269.02 268.12 -90 
10 700 AM 269.03 268.19 aco 
10 700 PM 269.03 268.14 -90 
11 700 AM 269.05 268.20 -84 
11 700 PM 269.05 268 52.1 -84 
i123 700 -AM 269.06 ZO Se 2k «35 
12 645 PM 269.06 268.06 1.00 
13 700 AM 269.06 267.95 BER hae 
1355 7105PM 269507 267.74 Be oi 
14 700 AM 269.07 267.64 1.42 
14 700 PM 269.05 267.49 Vey hey? 
15 700 AM 269.07 267.64 1.43 
15 700 PM 269.06 20/219 aod 
16 700 AM 269.05 eM sie | hott 1.48 
16 645 PM 269.04 267.42 LtG2 
17 700 AM 269.05 267.93 Leli2 
17 645 PM 269.06 267.86 ae 
18 645 AM 269.07 267.89 1.18 
1895/20 PM 269.07 267.89 1.19 
19 700 AM 269.07 268.10 -98 
19 645 PM 268.14 94 
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summarized in Table 11. 

The two fishways had comparable discharges and mean 
velocities for the low flow regime. For the high flow 
regime, discharges were similar but mean velocities (U) 
varied slightly. At high flows, the standard Denil fishway 
had a slightly higher mean velocity of .422 m/sec compared 
to the steeppass fishway at .395 m/sec. 

Velocity profiles for each fishway/flow regime are 


depicted in Figure 9. 


6.2 Arrival of Northern Pike 
6.2.1 Arrival Dates 
Dates of arrival of northern pike at the fishways in 
1989 are shown in Table 12. Monitoring of arrivals did not 
begin until May 4 when the counting fence was installed. 
Arrival dates for pike in 1990 are shown in Table 13. 
Initially, arrival dates were monitored by captures in the 
fishway traps and by gill net captures in the channel. 
Beginning May 13, arrivals were monitored at the upstream 
trap of the counting fence and to a lesser extent, at the 


fishway cages. 


6.2.2 Relation of Pike Arrivals to Water Temperatures 
Figure 10 compares arrival dates of northern pike in 
1989 to water temperatures in the Centre Angling River and 


the channel downstream of the fishways. The same comparison 
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Figure 9. Depth velocity profiles for each fishway/flow 


combination in 1990. 
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Table 12. Dates of arrival of northern pike at Siisiip 
fishways, 1989. 


Date Arrivals 
May 4 14 
5 40 

6 Not Lifted 

7 28 

8 z 

9 3 

10 6 

11 LZ 

2 Ly 

13 ak 

14 el: 

15 z 

16 1 


Note: Trap installation and monitoring began on May 4. 


Table 13. Dates of arrival of northern pike at Siisiip 
fishways, 1990. 
Capture Location 


Upstream Fishway 


Date Gill Net Trap Trap Combined 
May 2 Z 1 
5 0 

4 1 ul. 

5 2 12 14 

6 8 ake) 18 

7 6 12 18 

8 Va % 14 

2 5 5 10 

10 iz 5 $i 

aeal Pa 4 6 

LZ 6 3 9 

3 1 3 2 6 

14 7 7 

LS ES 1 20 

16 5 4 9 

aly 3 ie) 4 16 

18 ) iz wae 

19 iL 1 


Note: Fishway cages operated from May 2 to May 19. 
Upstream traps operated May 13 to May 19. Gill nets used 
from May 5 to May 13; gill net effort not equal each day. 
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Figure 10. Comparison of arrival dates of northern pike to 


water temperature in fishways and Centre Angling River, 1989 
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Figure 11. Comparison of arrival dates of northern pike to 
water temperature in fishways and Centre Angling River, 1990 
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is made in Figure 11 for 1990. In both years, there is no 
apparent relationship between pike arrivals at the fishways 
and water temperatures either in the river or in the 
channel. In both years, water temperatures in the river and 
the channel generally rose through the study. However, most 
pike arrived in two periods in the early and later portions 


of the study at considerably different water temperatures. 


6.2.3 Relation of Pike Arrivals to Tailwater Elevations 

Tailwater elevations and arrival dates of northern pike 
are compared in Figure 12 for 1989 and in Figure 13 for 
1990. In both years, there appeared to be a relation 
between changing tailwater elevations and the frequency of 
arriving pike. This relationship was most pronounced in 
1990. Large scale arrivals of pike beginning May 5 
coincided with a sharp drop in tailwater levels while 
declining pike arrivals after May 7 coincided with rising 
tailwater elevations. Another increase in pike arrivals on 
May 15 corresponded to declining water levels. 

This relationship may be explained by local flow 
patterns in the area. Tailwater elevations are controlled 
by water levels in the Centre Angling River. As levels in 
the river rise, water flows up the channel, raising the 
water level at the fishways. As the river drops, water 
flows from the fishways towards the river. Thus, rising 


tailwater elevations at the fishways indicate reverse flow 
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Figure 12. Comparison of arrival dates of northern pike to 


tailwater elevations below fishways, 1989. 
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Figure 13. Comparison of arrival dates of northern pike to 


tailwater elevations below fishways, 1990. 
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in the channel and declining tailwaters indicate a return to 
the normal direction of flow, away from the fishways to the 
river. Fish generally migrate upstream during spring 
spawning runs, ascending against the current (Harden-Jones 
1968). Pike can therefore be expected to arrive at the 
fishways when tailwater elevations are declining as this 
occurs during the normal flow pattern. When tailwater 
elevations are rising, the current is flowing from the river 
and pike may be expected to migrate in that direction, 
reducing the frequency of arrivals at the fishways. 

Pike spawning migrations may be initially triggered by 
rising water temperatures but local water level fluctuations 
probably also influence movements to the fishway from the 


Centre Angling River. 


6.2.4. Physical Characteristics of Pike Arriving at the 
Fishways 

6.2.4.1 Length 

Length frequency distributions for pike arriving at the 
fishways in 1989 and 1990 are shown in Figures 14 and 15. 
The mean fork length for northern pike was 57.0 cm in 1989 
and 51.5 cm in 1990. 

The length - weight relationship for northern pike in 
1989 was W = .008705676 L777) . In 1990, the length - 


weight relationship was W = .005808936 [7 Bes 
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Figure 14. Length frequency distribution of pike 
arriving at Siisiip fishways in 1989. 
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Figure 15. Length frequency distribution of pike 


arriving at Siisiip fishways in 1990. 
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6.2.4.2 Sex 

Males predominated in the spawning runs in 1989 and 
1990 but the sex ratio differed considerably (Tables 14 and 
15). The sex ratio was about 2.1 males per female in 1989 


and 5.5 males per female in 1990. 


6.2.4.3 Spawning Condition 

The spawning condition of pike arriving at the fishways 
in 1989 and 1990 is shown in Tables 16 and 17. In both 
years, about one-tenth of the pike arrived green. On 
average, pike were in a later stage of spawning condition in 
1990 than in 1989. The greater number of spent pike in 1990 
may be explained by generally higher tailwater elevations 
(267.30 m ASL in 1989 and 267.86 m ASL in 1990). 
Considerable areas of meadows between the fishways and the 
river were flooded and available as spawning areas in 1990 


but were not accessible to pike in 1989. 


6.2.5 Arrival and Physical Characteristics of White Suckers 
Seven white suckers were captured in the fishway 
vicinity in 1989. All were similar in size, averaging 44.7 
cm fork length. All but two had spawned before their 
arrival. White sucker arrivals occurred sporadically 
between May 5 and May 16 with no apparent relationship to 


water temperatures or tailwater elevations. Details are 


contained in Appendix 5. 
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Table 14. Sex of northern pike arriving at Siisiip 
fishways, 1989. 


Sex 
Arrival ——~—--—--———__—________ + 
Date Male Female 
May 4 V 7 
5 25 10 
6 Trap not emptied 
7 19 8 
8 ad nk 
9 2 1 
10 5 2 
Le 9 2 
oe S 3 
13 ik 
14 al; 
iS 
Total 74 36 
Sex-ratio‘---2+0621 
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Table 15. Sex of northern pike arriving at Siisiip 
fishways, 1990. 


Sex 
Arrival 

Date Male Female 

May 5 2 
6 5 i 
7 7. a 

8 8 
9 2 2 

10 2 

aa 2 
2 2 1: 

a3 3 
14 4 1 
15 10 5 

16 6 

ib) 9 
18 4 1 

19 1 
Total 8) 0 


Sex sratio motos 


Note: Only fish that were initially captured in the 
upstream trap or in gill nets below the fishways are 
included. Fish that were initially captured in the 
fishway exit traps are not included in case of sex 
selection by the fishways. 
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Table 16. Spawning condition of northern pike 
arriving at Siisiip fishways, 1989. 


Condition Number Per Cent 
Green We 10.0 
Expressing 74 Oy 
Ripe ln? TAs 
Spent 17, 1452 


Table 17. Spawning condition of northern pike 
arriving at Siisiip fishways, 1990. 


Condition Number Per Cent 
Green 18 Lab 4 t3 
Expressing 55 40.0 
Ripe 40 26.1 
Spent 40 26.4 
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Fifty-three white suckers were captured below the 
fishways in 1990 (Appendix 6). Most arrived on May 17 with 
a few arriving on May 18. Most white suckers left the area 
on May 18 and later. Arrival of white suckers on May 17 
corresponded to a period of increasing tailwater elevations 
while departures occurred as tailwater elevations 
stabilized. 

All white suckers were similar in size with a mean fork 
length of 47.0 cm. Eighty-two per cent of white suckers 
were female and 96% had spawned before their arrival at the 
fishways. These fish may have been returning down the 
Centre Angling River from a spawning migration and were 
diverted into the fishway access channel by the reversed 


direction of flow on May 17. 


6.2.6 Tagging of Arriving Fish 
6.2.6.1 1989 

Northern pike tagged in 1989 are listed chronologically 
in Appendix 7 along with data on length, weight, sex, 
spawning condition, capture location, release location and 
date and time of capture. The same data are arranged by tag 
number in Appendix 8. A total of 121 northern pike were 
tagged in 1989. Seven white suckers and one shorthead 
redhorse sucker (Moxostoma macrolepidotum Lesueur) were also 
tagged in 1989 (Appendix 5). 


Stress due to handling and tagging was assessed by 
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holding eight pike in the retaining pen for 24 hours and 
observing their condition. All fish appeared to be in 
excellent condition when placed in the pen and when 
released. It is unlikely that handling and tagging resulted 


in any mortalities. 


6.2.6.2 1990 

A total of 172 northern pike were tagged in 1990. Tag 
numbers and pertinent data are listed chronologically in 
Appendix 9. Data are arranged by tag number in Appendix 10. 

Fifty-three white suckers were tagged in 1990 (Appendix 
6). In addition, two walleye, one yellow perch (Perca 
flavescens Mitchill), one burbot (Lota lota Linnaeus) and 
one shorthead redhorse sucker were captured and tagged 
(Appendix 11). 

Handling stress was assessed as in 1989. Seven pike 
captured in the fishway exit traps and two white suckers 
captured in the upstream trap along with five pike captured 
in gill nets were held in the retaining pen for 
approximately 24 hours. All fish appeared to be in 
excellent condition when released. 

During Experiment Two in 1990, twelve northern pike 
were tagged and released to the pool but not recaptured 
later at any of the exit points. Conversely, twenty-two 
untagged pike were captured at the exit points during 


Experiment Two. About half of these captures occurred in 
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the first few days after installation of the fence and may 
have been fish that were already present in the area. 
During the last two days of the study, captures of untagged 
fish at the exit points increased. When the counting fence 
was removed at the end of the study, a ten centimetre 
diameter hole was found in the centre lead. This may 
explain both the disappearance of tagged pike from the pool 


and the entry of untagged pike to the pool. 


6.3 Fish Passage in 1989 

Due to low headwater elevations in 1989, the steeppass 
fishway was nonfunctional and the standard Denil fishway 
operated with a water depth of only about eight centimetres. 
In addition, an elevation difference of several centimetres 
where the upper fishway channel discharged into the upper 
resting pool made upstream passage by fish more difficult. 
Low flow through the fishways resulted in almost 
undetectable attraction flow at the fishway entrances. 

No fish entered and ascended the fishways in 1989. 
However, several pike entered the standard Denil fishway and 
were able to ascend as far as the upper resting pool due to 
high water levels in the middle channel resulting from 
backwater effects. The existence of a small waterfall where 
the upper channel flow entered the resting pool prevented 


further ascent. 


Manipulation of the water level in the resting pool to 
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eliminate the waterfall made continued ascent to the fishway 
exit possible. Three groups of pike were then placed in the 
upper resting pool and their movements observed. Of 
thirteen pike, seven ascended from the upper resting pool to 
the exit. 

Further modifications to baffle heights moderated 
differences in water elevation between pools and channels to 
allow continuous passage from entrance to exit in the 
standard Denil fishway. Of ten pike placed in the lower 
resting pool, eight ascended to the upper resting pool and 


seven of these continued to the fishway exit. 


6.4 Experiment One, 1990 
6.4.1 Fish Passage Comparisons 

Fifty-seven pike ascended the fishways during 
Experiment One. Ascents by fishway and flow regime are 
shown in Table 18. A G-test indicated that the number of 
ascents among the four fishway and flow combinations were 


nonrandom (G = 11.224, P < .025). 


6.4.2 Comparisons Between Fishways 

During low flow periods, a total of sixteen pike 
ascended the standard Denil fishway and six ascended the 
steeppass fishway (Table 18). A G-test indicated that this 
difference was not significant (G = 3.792, P > .05). 


During high flow periods, twelve pike ascended the 
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Table 18. Fishway ascents by northern pike during 
Experiment One, 1990. 


Ascents 
Flow Steeppass Standard Total 
Low 6 16 22 
High 23 2) 35 
Total Pa} 28 57 
G = 11.224 
Critical value of X?= 7.815 at P = .05, df = 3 
9.348 at P = .025 df = 3 
Results are significant at P = .025 
Signif- 
Pair-wise Comparisons G icance 
Steeppass fishway, low vs high flow 9.341 xe 
Standard Denil fishway, low vs high flow .644 NS 
Low flow, steeppass vs standard Denil see 2 NS 
High flow, steeppass vs standard Denil 2.897 NS 
Critical value of X?= 3.841 at P = .05, df =1 
62695 at P= .01, dre—a1 
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standard Denil fishway and 23 pike ascended the steeppass 
fishway (Table 18). A G-test indicated that this difference 


was not significant (G = 2.897, P > .05). 


6.4.3 Comparisons Between Flows 

Considering only the standard Denil fishway, sixteen 
pike ascended during low flow periods and twelve ascended 
during high flow periods (Table 18). A G-test indicated 
that this difference was not significant (G = .644, P >.1). 

For the steeppass fishway, six pike ascended during low 
flow periods while 23 ascended during high flow periods 
(Table 18). A G-test indicated that this difference was 


Significant (G = 9.341, P < .005). 


6.4.4 Efficiency 

Forty-three tagged northern pike were available to 
ascend the fishways during Experiment One (Table 19). Only 
two ascended for an efficiency of 4.7%. Both fish ascended 


the steeppass fishway. 


6.5 Experiment Two, 1990 
6.5.1 Fish Passage Comparisons 

Thirty northern pike ascended the fishways during 
Experiment Two. A G-test indicated that pike passage was 
random when all four combinations of fishways and flow 


conditions were considered together (G = 5.848, P > .1). 
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Table 19. Fishway efficiency estimated by passage of 
tagged pike captured in gill nets below the fishways 
during Experiment One, 1990. 


Tagged pike available for ascent: 


1166 * TOO? 7036 7054 7082 
1198 7010(7031) 7037 7055 7084 
wi99 F012 7038 7062 7085 
1200 7 OLS 7039 7063 7086 
1401 7027 7040 7064 7087 
1404 7028 7043 7065 ZOOL: 
1405 7030 7049 7066 rOSZ 
1407 7034 ZOOS. 7078 

1408 7035 LOS 3a 0% TOTS 


* Ascended steeppass fishway 


Available for ascent - 43 
Ascents - 2 
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6.5.2 Comparisons Between Fishways 

During low flow periods, eight pike ascended the 
standard Denil fishway and seven ascended the steeppass 
fishway (Table 20). This difference was not significant. 

Three pike ascended the standard Denil fishway during 
high flow periods while twelve pike ascended the steeppass 
fishway (Table 20). The probability of these results 
occurring by chance alone was calculated at .034, therefore, 


results are significant at P = .05. 


6.5.3 Comparison Between Flows 

Eight pike ascended the standard Denil fishway during 
periods of low flow while three ascended during periods of 
high flow (Table 20). The probability of this difference 
occurring by chance alone was calculated at .227, therefore, 
the difference is not significant at P = .05. 

For the steeppass fishway, seven pike ascended at low 
flow and twelve ascended at high flow (Table 20). The 
probability of these passage results occurring by chance 
alone was calculated at .360, therefore this difference is 


not significant at P = .05. 


6.5.4 Efficiency Estimates 
6.5.4.1 Aggregate Efficiency 
Forty-nine tagged pike were tracked through the study 


area from entry to exit and were available to ascend the 
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Table 20. Fishway ascents by northern pike during 
Experiment Two, 1990. 


Ascents 
Flow Steeppass Standard Total 
Low yi 8 nes 
High 12 3 15 
Total 19 abl 30 
G = 5.848 
Critical value of X?= 7.815 at P = .05, df = 3 
Results are not significant at P = .05 
Signif— 
Pair-wise Comparisons P icance 
Steeppass fishway, low vs high flow ~ 736 NS 
Standard Denil fishway, low vs high flow J227 NS 
Low flow, steeppass vs standard Denil 1 NS 
High flow, steeppass vs standard Denil .034 * 
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fishways (Table 21). Nineteen pike ascended for a maximum 
estimate of aggregate efficiency of 38.7%. 

In addition to the pike that were tracked through the 
study area, thirteen pike were known to have entered the 
area but were not recaptured later. If these pike are 
considered to be available for ascent, the aggregate 
efficiency is estimated at 30.7% (Table 22). However, there 
were also eleven untagged pike that ascended the fishways 
during Experiment Two. This suggests that the undetected 
exit of tagged pike from the pool was balanced by the 
undetected entry of untagged pike to the pool. The actual 
efficiency is therefore close to the maximum estimate of 


BS Pht 


6.5.4.2 Fishway/Flow Regime Efficiencies 

Tagged pike available for fishway ascent during low 
flow periods are listed in Table 23. Of 34 pike available, 
six ascended the standard Denil fishway and three ascended 
the steeppass fishway. During high flow periods, 28 pike 
were available for ascent (Table 24). One ascended the 
standard Denil fishway while ten ascended the steeppass 
fishway. 

Passage efficiencies for each fishway and flow 
combination are as follows: 

Standard Denil, low flow - 18% 


Standard Denil, high flow - 4% 
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Table 21. Estimate of maximum aggregate fishway efficiency 
for northern pike, Experiment Two, 1990. 


Tagged pike available for ascent (see note): 


1414 72107 %* T1223 72397 %* tase 
1418 7214 ** 7224 * 7245 * ON 
1420 1215 i226 7247 * 7334 
7054 1216 2% ec 7248 7335 

2O9S, 7201, * (PB 122s Yirjout 1328 
7099 ** 7248 7229 eX |) 25211 045i) 5 PS ss) 
T1203 1eL9 1230 T2593 7352 
7205 * 7220 7236 7255 7354 
%206* ¢22..= 7230 72958 7365 
1208 % 2 cem 7238 a2 


* Ascended steeppass fishway 
**Ascended standard Denil fishway 


Steeppass ascents - a2 
Standard Denil ascents - 7 
Total ascents = igs) 
Number available for ascent - 49 
Steeppass efficiency - 24.5% 
Standard Denil efficiency - 14.2% 
Combined efficiency - 38.7% 


Note: These are pike whose location was known throughout 
the entire experiment. All pike were tagged at the 
upstream trap and recaptured at the fishway cages, the 
downstream trap or in gill nets at the end of the 
experiment. 
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Table 22. Estimate of minimum aggregate efficiency for 
northern pike, Experiment Two, 1990. 


Tagged pike available for ascent (see note): 


1414 7213 7226 7245 * aS saa 
1418 7214 ** UPP | 7247 * 7334 
1420 2215 7228 7248 7330 
7054 7216 ** 7229 ** 722. 7337 
7035, 7201 % 7217 ** 7230 7252[1045] * 7338 
7098 72186 71239 7293 7352 
7099 ** eeu 7236 aon 7354 
7203 % 7220 T2317 7258 7363 
7205) * Urs 3 7238 7306 7365 
7206 * 222 T2398 L346 A367 
7208 * 7223 7241 7317 
TZL0-**® 7224 * 7243 W327 
Take 7225 7244 1332 


* Ascended steeppass fishway 
**Ascended standard Denil fishway 


Standard Denil ascents - 12 
Standard Denil ascents - 7 
Total ascents - 19 
Number available for ascent - 62 
Steeppass efficiency - 19.4% 
Standard Denil efficiency - 11.3% 
Combined efficiency - 30.7% 


Note: These include pike whose locations were known for 
the entire experiment ie., they were tagged at the upstream 
trap and recaptured at the fishway cages, the downstream 
trap or in the gill nets at the end of the experiment. 

Also included are fifteen pike that were tagged at the 
upstream trap but that did not ascend the fishways and were 
not recaptured at any other location. 
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Table 23. Passage efficiencies for northern pike in 


steeppass and standard Denil fishways at low flow, 
1990. 


Experiment Two, 


Tagged pike available for ascent: 


1414 
1418 
1420 
TO099%* 
7214** 
7215 
7216%** 


7217** 


7218 
eke 
7220 
iPaean 
UPL 
f223 


* 
* 


7224 
7226 
i221, 
1228 
1229 
7238 
Taao 


* Ascended steeppass fishway 
**Ascended standard Denil fishway 


Steeppass ascents - 


Standard Denil ascents - 


Total ascents - 


Number available for ascent - 


Steeppass efficiency - 


Standard Denil efficiency - 


Combined efficiency - 
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7248 
T2594 
1253 
1299 
7258 
1332 
7333 
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7338 
7352 
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Table 24. Passage efficiencies for northern pike in 


steeppass and standard Denil fishways during high 


flow, Experiment Two, 


1990; 


Tagged pike available for ascent: 


1420 
7054 
709577201 
7203 
7205 
7206 


+ + + % 


* Ascended steeppass fishway 


72000 * 
7210*%* 
7226 
v2a0 
i236 
7245 * 


7247 
7248 
20} 


* 


7252([1045] * 


7203 
Ue als 


**Ascended standard Denil fishway 


Steeppass ascents - 
Standard Denil ascents - 


Total ascents - 


Number available for ascent - 


Steeppass efficiency - 


Standard Denil efficiency - 
Combined efficiency - 


raj 


12958 
132) 
Woe 
7333 
7334 
1335 


337 
7336 
7352 
7354 
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Steeppass, low flow - 9% 


Steeppass, high flow - 32% 


6.5.4.3 Period Efficiencies 

Period efficiencies are summarized in Table 25. During 
the twelve 12-hour periods of Experiment Two, the number of 
tagged pike available for ascent ranged from one to sixteen 
and the number of pike ascending in any period varied from 
zero to six. The calculated period efficiencies ranged from 
zero to 100%. Period efficiencies for the standard Denil 
fishway varied from zero to 50% while values ranged from 
zero to 83.3% for the steeppass fishway. 

For each fishway and flow combination, the mean period 
efficiency was calculated from the applicable periods. The 
mean period efficiencies for each fishway and flow 
combination are: 

Standard Denil, low flow - 15.3% 
Standard Denil, high flow - 2.8% 
Steeppass, low flow - 4.5% 
Steeppass, high flow - 21.1% 

These values represent the average percentage of pike 
available for ascent, that actually ascended the fishways, 


during a twelve hour period. 
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6.6 Comparison of Physical Characteristics of Northern Pike 
6.6.1 Comparison of Pike Ascending the Standard Denil and 
Steeppass Fishways 

6.6.1.1 Length 

The length frequency distributions for northern pike 
ascending the standard Denil and steeppass fishways during 
Experiment Two are shown in Figures 16 and 17, respectively. 
The mean fork length of pike ascending the standard Denil 
fishway was 50.2 cm whereas pike ascending the steeppass 
fishway had a mean fork length of only 46.9 cm. However, a 
t-test (Appendix 12) showed that this size difference was 


Hotes. Oni tvcantetas 1.040 Pou) )\. 


6.6.1.2 Sex 

The number of pike of each sex ascending each fishway 
is shown in Table 26. Only those fish for which sex could 
be positively determined by expression of sexual products 
were included. A G-test indicated that there was no 


preference by sex for either fishway (G = .538, P >.1). 


6.6.1.3 Spawning Condition 

Table 27 shows the number of pike ascending each 
fishway during Experiment Two, according to spawning 
condition. Only pike for which spawning condition could be 
definitely determined were included. A G-test showed that 


there was no difference in spawning condition between pike 
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Frequency 


n=11 Mean FL = 50.2 cm 


42 45 48 §1 64 57 60 63 66 
Fork Length Upper Class Limit (cm) 


Figure 16. Length frequency distribution of pike ascending 
standard Denil fishway, Experiment Two, 1990 


Frequency 


n=*=19 Mean FL = 46.9 cm 


36 40 44 48 62 56 60 64 68 
Fork Length Upper Class Limit (cm) 


Figure 17. Length frequency distribution of pike ascending 


steeppass fishway, Experiment Two, 1990 
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Table 26. Comparison of sex of northern pike 
ascending the standard Denil and steeppass fishways 
during Experiment Two, 1990. 


Sex | Steeppass Standard 
Male 10 8 
Female 3) il 

G = .538 
Critical value of X2 = 3.841 at P = .05 


Results are not significant. 


Table 27. Comparison of spawning condition of 
northern pike ascending the standard Denil and 
steeppass fishways during Experiment Two, 1990. 


Spawning 
Condition Standard Steeppass 


Green 
Expressing 
Ripe 

Spent 


NO PO 


0 
3 
4 
8 
G = 3.488 


Critical value of X2 = 5.991 at P = .05, df = 2 


Results are not significant. 


86 


8 
Hl ee. 

| “ate a ee 

20, = 9a tek = x to ule isgitia® 

‘oqkottangha Jon orn alae a 


Ee 2 a 
7 
—S 


4 'S 6} —_ 
to noitihmes prismweqe to moeiteqmod .TS Sia 
mis Lined busiaste edt palbneoss eig oxediuc 
0eel ow? tpomiteqn® oaiwe aysvdal? sesy 


é vie ie 7- 


semqyeetz | byshass2 - 


—— oe 


0: 
£ 4 
> 
a 


‘sae.f= 9 
¢ © th .20, © ¢ am ree. = Xx to onlay fants. 


eee 
OTR 


ascending the two fishways (G = 3.488, P >.05). 


6.6.2 Comparison of Pike Ascending the Fishways and Pike 
Not Ascending the Fishways 
There was no difference in length, sex, or spawning 
condition between pike ascending the two fishways. Data 
from these two groups were then combined to represent all 
pike ascending the fishways in Experiment Two and compared 
to pike that were available during Experiment Two but did 


not ascend the fishways. 


6.6.2.1 Length 

The length frequency distribution for pike ascending 
the fishways is shown in Figure 18 and the length frequency 
distribution for nonascending pike is shown in Figure 19. 
The mean fork length for pike ascending the fishways was 
48.1 cm whereas nonascending pike had a mean fork length of 
53.0 cm. A t-test (Appendix 12 ) showed that this 
adigference was significant (t = 923522, P < .05). 

This difference suggests that smaller pike are more 
capable of ascending the fishways or more likely to ascend 
than larger pike. If so, progressively smaller pike would 
be expected to ascend the fishways as water velocities 
increase until some upper limit in swimming ability is 
reached. This was tested by comparing the size of pike 


ascending at low water velocities to the size of pike 
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Frequency 
2 


n= 30 Mean FL = 48.1 cm 


38.1 42.2 46.3 60.4 64.56 58.6 62.7 66.8 
Fork Length Upper Class Limit (cm) 


Figure 18. Length frequency distribution of pike ascending 


standard Denil and steeppass fishways, Experiment Two, 1990 


Frequency 
15 


ne 52 Mean FL = 53.0 cm 


10 


30.9 36.9 42.9 48.9 64.9 60.9 66.9 72.9 78.9 
Fork Length Upper Class Limit (cm) 


Figure 19. Length frequency distribution of nonascending 


pike, Experiment Two, 1990 
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ascending at high water velocities (Appendix 12). Pike 
ascending the fishways at low velocities averaged 50.8 cm 
fork length whereas pike ascending at high velocities 
averaged only 45.5 cm. The difference in size was not, 
however, Significant (t = 1.80, P >.05). 

A further comparison involved nonascending pike and 
pike that ascended the fishways at high flow (Appendix 12). 
Nonascending pike averaged 53.0 cm fork length whereas 
ascending pike were considerably shorter at 45.5 cm. A t- 
test showed that this difference was significant (t = 2.82, 


Pik vs 


6.6.2.2 Sex 

More males than females ascended the fishways in 
Experiment Two (Table 28). However, this difference was not 
significant (G = .312, P > .5) and arose due to the high 


ratio of males to females in the fishway vicinity. 


6.6.2.3 Spawning Condition 
There was no difference in spawning condition of pike 
ascending the fishways and pike that did not ascend the 


fishways (Table 29). 


6.7 Swimming Speed of Northern Pike 


6.7.1 Depths of Ascent 


Two observations were made of the swimming depth of 
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Table 28. Comparison of sex of ascending and 
nonascending northern pike during Experiment Two, 1990. 


Sex | Ascending Pike Nonascending Pike 
Male 18 34 
Female 4 5 
G = .312 


Critical value of X2 = 3.841 at P = .05 


Results are not significant at P = .05 


Table 29. Comparison of spawning condition of ascending 
and nonascending northern pike in Experiment Two, 1990. 


Spawning 
Condition Ascents Nonascents 
Expressing 7 ae 
Ripe 9 13 
Spent 10 EAA, 
G = .422 
Critical value of X? = 5.991 at p = .05 
Results are not significant at P = .05 
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pike in the fishways. Pike #7233 and pike #7240 both 
ascended the steeppass fishway during high flow and passed 
under the colored bar. These pike were 52.0 cm and 36.6 cm 
fork length, respectively. These events occurred with a 
fishway operating depth of .42 metres. With this depth of 
flow, the predicted water velocity below the bar varies from 
-78 m/sec just above the fishway floor to .50 m/sec just 
below the bar. Forward speed of both pike was estimated at 
20 cm/sec. The swimming speed over the 7.3 metre channel 
distance is therefore estimated between .7 m/sec and 1.0 


m/sec. 


6.7.2 Timed Ascents 

Timed ascents of the upper channel of the standard 
Denil fishway were obtained for four pike in 1989 (Table 
30). The estimated swimming speed (water velocity plus 
forward velocity of the fish) varied from .61 m/sec to .87 
m/sec. In 1990, one pike ascent was timed (Table 30). This 
fish ascended near the surface in the standard Denil fishway 
during low flow. Depending on the exact depth at which it 
swam, it encountered velocities ranging between .29 and .46 
m/sec and its swimming speed was calculated between .62 and 
.79 m/sec. 

One other observation of note was a pike that attempted 
to ascend the standard Denil fishway at the surface during a 


low flow period. It ascended about two-thirds of the length 
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of the uppermost channel and then was swept back to the 
resting pool. The water velocity at the surface was 
approximately .46 m/sec. This pike could not be captured 
for measurement but was estimated to be about 45 cm in 


length. 


6.8 Delay Times 
6.8.1 Ascending Pike 

The delay time for ascending pike is the time elapsed 
between arrival of a fish in the study area and its ascent 
of a fishway. During Experiment Two, delay times were 
determined for seven pike that used the standard Denil 
fishway and twelve pike that used the steeppass fishway 
(Tables 31 and 32). Both mean and median delay times were 
determined. The median delay time is more meaningful as a 
measure of central tendency since it reduces the effects of 
extreme outliers. 

The median delay time for pike ascending the standard 
Denil fishway was 2.75 hours. This is similar to the median 
delay time of 3.0 hours for pike ascending the steeppass 
fishway. Though sample numbers are small, results suggest 
that delay times are related to flow regimes in the fishway. 
For the standard Denil fishway, the median delay time for 
low flow periods was 3.5 hours while the median delay time 
for high flow periods was slightly less ac. 2.7/5 nours. For 


the steeppass fishway, the median delay time was 3.0 hours 
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for low flow periods but was only 1.25 hours during high 
flow periods. 

Overall, the median delay time during Experiment Two 
was 2.75 hours and the mean delay time was 4.8 hours. The 
minimum delay time observed was one hour and the maximum was 


20.25 hours. 


6.8.2 Nonascending Pike 

The delay time for nonascending pike is the time 
elapsed between arrival of a fish in the study area and its 
departure from the study area. The delay times, or 
turnaround times, for nonascending pike are greater than for 
ascending pike. The median turnaround time in Experiment 
Two was 18 hours and the mean turnaround time was 28.4 hours 
(Table 33). The minimum turnaround time was near zero as 
one pike released from the upstream trap was found in the 
downstream trap when it was checked a half hour later. At 
the other extreme, one pike captured in a gill net before 
Experiment Two was recaptured in the downstream trap six 


days later. 


6.9 Migrations 
6.9.1 Tag Recoveries 

Nine pike tagged in 1989 were caught by anglers or 
commercial fishermen subsequent to the 1989 field season or 


were recaptured at the fishways in 1990. Dates and 
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Table 33. 


Tag # 


1414 
1418 
1420 
7054* 
7066* 
ens 
7218 
Zag 
7220 
V223 
7226 
t227 
7228 
7235 
7248 
7251 
7253 
T2595 
7258 
Po 20 
1333 
Veet) 
TBxeig) 
7338 
W3SO2 
7354 
T3695 


Date 


05/13/90 
05/15/90 
05/17/90 
05/09/90 
05/10/90 
05/15/90 
05/15/90 
05/15/90 
05/15/90 
05/15/90 
05/15/90 
05/15/90 
05/15/90 
05/16/90 
05/17/90 
05/17/90 
05/17/90 
05/17/90 
05/17/90 
05/18/30 
05/18/90 
05/18/90 
05/18/90 
05/18/90 
05/18/90 
05/18/90 
05/19/90 


Time 


700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 


AGLLienetecapeure 


PM 


RE RR RRR RREE RES RRER ERR ER EEE 


oe, 


Stream 
Date 


05/14/90 
05/16/90 
05/18/90 
05/15/90 
05/11/90 
05/15/90 
05/16/90 
05/15/90 
05/15/90 
05/16/90 
05/17/90 
05/16/90 
05/16/90 
05/17/90 
05/19/90 
05/18/90 
05/18/90 
05/18/90 
05/18/90 
05/18/90 
05/20/90 
05/20/90 
05/20/90 
05/20/90 
05/20/90 
05/20/90 
05/20/90 


700 
700 


Release to Pool From|Recapture in Down- 
Upstream Trap 


Trap 
Time 
700 AM 
700 PM 
700 AM 
700 AM 
700 PM 
700 PM 
700 PM 
700 PM 
700 AM 
700 AM 
700 AM 
700 AM 
700 PM 
700 AM 
700 AM 
700 AM 
700 AM 
700 AM 
700 AM 
700 PM 
700 AM 
700 AM 
700 AM 
700 PM 
AM 
AM 
AM 


700 


Mean turnaround time - 28.4 hours (n 
Median turnaround time - 18 hours (n 


Turnaround time for nonascending northern 
pike, Experiment Two, 1990. 


Length 
of Delay 


(h) 


Note - The exact time that pike left the pool 
could not be determined. 
was emptied every 12 hours and all pike in the 
trap were assigned an exit time corresponding 
to the midpoint of the previous time period. 


The downstream trap 


on, tf \eo 


oe\aryao 6 Oot 

OB\ar\eo| MA COT ~~ Oele 
oe\rryeo|] mi OO oeler\eo. 
oe\er\eo| MA OOF “Ge\Fr\eo” 
OC\sr\20| MA OOT | | 
Qe\sr\20}| MA COT 

O@\Ss\e0, BA COT 

ge\ereo! MA OOF 

O@iSr\eo| MA OL 

O8\O4\40;} MA VOL 

Oe\OR\A0) MA GOT O8\ 
e\os\ad] MA _OOT ‘Be\er\ea” 
C@\OS\20) MA OOT O@\8L\EO 
ae\os\2o| MA COT Oe\El\ao | 
O@\OS\20, MA COT Ge\eL\co 
Oe\OT\20} MA COT OE\at\eo {7 


ig= Ft 


(vs = mj} amd 6.85 > awie bavotenisd neem 
(cS = 1) euwor @f - sald Sauonsaiws nalbem 


fe 


el 
stutgso ten Ife’ 


qs) seottenvob ed? .benisrtiedab o¢ Jon Sivo - « 
ait mt oftg fs bis eivod 4 Yxeve Belyqeeesw © 


a. 7 


c - ; - 


locations of capture are given in Table 34 and map locations 
are shown in Figure 20. From these tag recoveries, it 
appears that pike dispersed in all directions from the 
fishways and travelled considerable distances. The maximum 
distance travelled was 190 kilometres for a pike captured on 
the Saskatchewan River near The Pas, Manitoba. 

Three pike tagged at the study site in 1989 returned in 
1990. On May 11, a male pike with tag #1044 was captured in 
the exit cage of the steeppass fishway. This pike measured 
62.4 cm in length in 1989 and 64.4 cm in 1990, an increase 
of two centimetres. This pike was retagged #7077 and 
released to the marsh. 

On May 17, 1990, a pike with tag #1045 was captured in 
the upstream trap of the counting fence. This pike was 50.6 
cm in length in 1989 and had grown by 4.2 cm to a length of 
54.8 cm in 1990. It was retagged #7252 and released to the 
pool. It subsequently ascended the steeppass fishway but 
was returned to the pool and it left the area on May 18. On 
September 3, 1990, it was caught by an angler at the E. B. 
Campbell Dam. 

On May 20, a pike with tag #1080 was captured in the 
downstream trap. This pike measured 57.4 cm in 1989 and 
61.0 cm in 1990, an increase of 3.6 cm. It was retagged 


#7372 and released. 
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Table 34. Recaptures of northern pike tagged during 
1989 field season. 


Date Distance 

Tag # Captured Location Travelled 
1097,1098|May, 1989 Gun Creek 3 k 
1106|May 25, 1989 Gun Creek £4 


1100|July 31, 1989 E. B. Campbell Dam 65 k 
1112}April 4, 1990 Saskatchewan River 190 k 


1147|May, 1990 Cross Lake 45 k 
7077(1044]|May 11, 1990 Study Site Unknown 
7252[1045]|May 17, 1990 Study Site Unknown 

Sept 3, 1990 E. B. Campbell Dam 65 k 
7372(1080]|May 20, 1990 Study Site Unknown 
1031|March 1990 Whitey Narrows 55ek 
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6.10 Other Species 


There were no fishway ascents by species other than 


northern pike in 1989 or 1990. 


7. Discussion 
7.1 Fishway Passage Comparisons 

Fishway passage results in the two experiments can be 
largely explained by two aspects of behaviour. The first is 
the reaction of fish to different water velocities. 
Migrating fish tend to follow the strongest flow when 
confronted with two options. Weaver (1963) found that when 
presented with a choice of velocity of 1.22 m/sec or 2.44 
m/sec, steelhead (Oncorhynchus mykiss), coho salmon (0. 
kisutch) and chinook salmon (0. tshawytscha) all preferred 
to swim against the higher velocity. Preference for higher 
velocity flows has also been shown for Arctic grayling (Tack 
and Fisher 1977). 

Many nonsalmonid species have been shown to prefer high 
velocity flows over low velocities. Pavlov (1989) 
demonstrated under laboratory conditions that as velocities 
in an experimental canal increased, the number of fish 
entering it also increased until velocities began to exceed 
the swimming ability of the fish. These results were 
confirmed for common bream (Abramis brama) and zander 
(Stizostedion lucioperca) at a floating fish pass in the 


U.S.S-R. (Pavlov 1989). Higher passage rates for walleye 
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(Katopodis et al. 1991) and pike (Dunn 1983) have been noted 
on days with significantly greater discharge and mean 
velocity at two fishways in western Canada. Comparison of 
fish passage at three fishways in Alberta suggested that 
northern pike preferred to swim against higher water 
velocities when given a choice (Schwalme et al. 1985). 
Nelson (1983) observed that pike chose higher velocity zones 
(2.1-2.4 m/sec) over lower velocity zones (1.5-1.9 m/sec) 
when negotiating a road washout during a spawning run in 
central Alberta. 

The second factor is the behaviour of pike in the 
resting pools. Low water flow through the fishways in 1989 
resulted in calm, clear water in the resting pools which 
provided an opportunity to observe pike behaviour. When 
pike entered a resting pool they immediately descended to 
the bottom and remained there for fifteen to thirty minutes. 
Eventually, they would rise slowly toward the discharge of 
the next channel. The discharge was always approached from 
below the fishway floors rather than from in front at the 
water surface. With this approach pattern, the decision of 
whether to enter a channel must be based on characteristics 


of the flow at the floor of the fishway. 


7.1.1 Experiment One 
For both low flow and high flow conditions, there was 


no significant difference in the number of ascents between 
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fishways. This indicates that pike are equally capable of 
ascending standard Denil and steeppass fishways. 

For the standard Denil fishway, there was no difference 
in pike passage between low and high flows. However, there 
was a very significant difference for the steeppass fishway, 
with more ascents during high flow periods. This difference 
may be explained by the tendency of pike to swim against 
stronger water velocities. The entry of pike to a fishway 
channel is in response to the stimulus of the water flow. A 
stronger stimulus should elicit a stronger response so 
greater water velocities should stimulate more fish to enter 
the fishway. The pike encounter the water flow at the 
fishway floor. At this level, the water velocity at low 
flow averaged .46 m/sec compared to .76 m/sec at high flow 
(Table 11). The higher water velocity at high flow may have 
stimulated more pike to enter and ascend the fishway channel 
and resulted in the observed difference in passage at low 
and high flows. 

There was no significant difference in pike ascents 
between flows for the standard Denil fishway. In this 
fishway, there was relatively little difference in velocity 
at the fishway floor between low and high flows. Velocity 
at low flow averaged .16 m/sec while velocity at high flow 
was only slightly higher at .22 m/sec (Table 11). In 
addition, the configuration of the lower end of the standard 


Denil fishway channel resulted in a cascade effect in the 
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resting pool which caused considerable surface turbulence. 
The additional stimulus of the surface turbulence and the 
relatively small difference in floor velocities between 

flows may have moderated the difference in passage at low 


and high flows. 


7.1.2 Experiment Two 

In Experiment Two, fish could choose which fishway to 
enter, based on flow patterns at the entrances. Thus, 
Experiment Two not only tested the ability of pike to ascend 
the fishways but also their preference for each fishway. 

Consistent with Experiment One, there was no difference 
in pike passage between fishways at low flow. However, 
there were significantly more ascents of the steeppass 
fishway relative to the standard Denil fishway at high 
flows. 

Passage at low flow was similar for both fishways in 
spite of the steeppass fishway having a higher floor 
velocity than the standard Denil fishway (Table 11, Figure 
9). The higher velocity should have stimulated more fish to 
enter the steeppass fishway. However, the attraction of the 
greater surface turbulence at the exit of the standard Denil 
fishway may have moderated any expected differences. 

Under high flow conditions, the difference in floor 
velocities of the two fishways is greater (Table 11, Figure 


9). Average floor velocity for the steeppass fishway was 
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-76 m/sec but only .22 m/sec for the standard Denil fishway. 
As suggested earlier, pike chose which fishway to enter 
based on the velocity at the fishway floor. The 
substantially higher velocity in the steeppass fishway 
stimulated more pike to enter this fishway relative to the 
standard Denil fishway. 

Although there was a difference in passage between 
fishways at high flow in Experiment Two, there was no 
difference in Experiment One. This may be explained by the 
choices available to the pike in the second experiment but 
not in the first. In Experiment One, pike could not choose 
which fishway to enter from the upper resting pool. 

Although the standard Denil fishway had a lower floor 
velocity than the steeppass fishway additional pike in the 
standard Denil resting pool may have entered the fishway due 
to the additional stimulus of the surface turbulence. There 
was therefore little difference in ascents between fishways. 
In Experiment Two, however, pike could choose between 
fishways and most likely chose the steeppass fishway due to 
the greater stimulus of the higher floor velocity. 

There was no significant difference in ascents between 
flows for either fishway in Experiment Two. This differs 
from Experiment One where a significant difference was found 
for the steeppass fishway. This may be due to the greater 
number of pike available for ascent during low flow periods 


in Experiment Two (45 compared to 37 during high flow 


105 


per ors 


i 


edd of oitvaite yaviielt: aisle i 03's : isp aed 

nowwied epsresq nk soreze21tb ® pies wy 

on uaw eternity ,ovT baniaae ter wie oe a 

wit yo Denielque oa Year Brat 900! tnomixegea on 

dud Jnaaiieqve Saones edZ ik ottg ay oF atdsttvone 

axcode toe Bivens saiq' sag Sneaksebstt ar eel? eae 3 

foeog ptlteoa ae8eqqu ef? aox? terns oF qaudabd dokdw 

tool aswel « ban qewsiaks '{Yne@ besbaste of? pods tA 

att? of albg isaoliibbs yevdei? eeaqqeeve end rod? ylsotey al 

cub ysuielt adg bomdse eval ys Seog palvenr’ Lived Sxebiade 

cred? gone lietged eosteta oft to anliaita {sncistibbs mt of 

_eyewtell npawted evnanes cf sonewwitib efs9lt esos tect anv 

nsewiet eeoorta bluce aie ,tevewod ,owl Seaiyeqa HT) - 

od eub vawilatt Achoqenta edt onoiy YLeKth Jeda tna ayewiatt 974) 

.ygivoley “iool) tarfoid eds So aulomise aeseeTp auld 

pacwtod evades at aoneteSithh sneordiapie on Baw s¥ontT _ 
e1s23bh eiAtt .o«f aramkteqgxd oh yavidalt sedsie s0F swolt 

Swot sew annaweItis Jesoliiaple 4 e%etw ono RES 

19the79 od OF evh ot yor whit ywedets wesqasese ons %& : 


achat 
> aod 
ae 

: 


¢ 


welt apid pala 0 ad Sewegmee te) ow? 


wor 9 


periods). Had there been equal numbers available for both 
flow conditions, it is possible that more pike would have 
ascended the steeppass fishway during high flows. 

In both experiments, results are consistent in that the 
highest number of pike ascents occurred in the steeppass 
fishway with high flow and second greatest passage occurred 
in the standard Denil fishway with low flow. 

In summary, results indicate that northern pike are 
equally capable of ascending both fishways but prefer to use 
the steeppass fishway at high flows and that passage success 


is increased with higher flows. 


7.2 Physical Characteristics 
7.2.1 Comparison Between Fishways 

No differences were found in comparisons of pike 
ascending the two fishways with respect to length, sex, or 
spawning condition. Major differences had not been expected 
due to similarities in the general configuration, discharges 


and velocities of the two fishways. 


7.2.2 Comparison Between Ascending and Nonascending Pike 
7.2.2.1 Length 

Length comparisons indicated that pike ascending the 
fishways were smaller than pike not ascending the fishways. 
The difference in size was more pronounced when pike 


ascending at high flow were compared to nonascending pike. 
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Other studies have suggested some size selectivity by 
Denil fishways. Fernet (1984) found that pike ascending the 
Fawcett Lake Denil fishway averaged 47.2 cm fork length 
compared to an overall population average of 50.3 cm. 
Halstead (1984), in an earlier study, also noted selection 
for smaller pike at this fishway. Schwalme and MacKay 
(1985) found that pike ascending Denil and vertical slot 
fishways at Lesser Slave Lake were significantly shorter 
than pike seined from below the fishways. 

Selection by fishways for smaller pike cannot be a 
result of differences in swimming ability. Larger fish 
generally are capable of greater swimming speeds (Beamish 
1978, Brett 1965, Jones et al. 1974) so the larger pike in 
the study were probably capable of ascending the fishways. 
The tendency for smaller pike to ascend the fishways may be 
a behavioural response in which smaller or younger pike 


exhibit a stronger reaction to high water velocities. 


7.2.2.2 Sex 

The similarity in passage rates for males and females 
suggests that both sexes have similar swimming abilities and 
motivation. It is possible that a larger sample would show 
a difference since male and female northern pike generally 
have divergent growth rates after maturity (Scott and 
Crossman 1973) and smaller pike tend to be more disposed to 


ascend the fishways. With larger samples, standard Denil 
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and steeppass fishways may therefore pass proportionately 


more males than females. 


7.2.2.3 Spawning Condition 

No difference in spawning condition was found between 
ascending and nonascending pike. It is notable that 
ascending pike were closely divided among expressing, ripe 
and spent conditions. If continuation of a spawning 
migration was the major motivation for fishway ascent, 
ascending pike should be mainly prespawners and nonascending 
pike should include a greater proportion of postspawners. 

Postspawning pike have been noted ascending other 
fishways in western Canada (Watters 1980, Katopodis et al. 
1991). These pike may have been part of a postspawning 
feeding migration or simply the incidental passage of small 
numbers of pike from a larger feeding congregation below the 


fishways. 


7.3 Efficiency 

The maximum estimate of aggregate efficiency was 38.7% 
while the minimum estimate was 30.7%. The minimum estimate 
was reached by including as available for ascent, thirteen 
pike that entered the pool from the upstream trap but which 
were not later recaptured. This reduced the efficiency 
estimate but the resulting estimate is likely too 


conservative. There were an additional eleven pike captured 
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at the fishway traps during Experiment Two that were 
untagged. This suggests that there was two way movement of 
pike through a hole in the counting fence (a ten centimetre 
diameter hole was found when the centre lead was lifted at 
the end of the study). It appears that undetected exits of 
pike at this point were roughly balanced by undetected 
entries and the maximum efficiency estimate of 38.7% is 
reasonable. 

The aggregate efficiency estimate is higher than the 
efficiency estimate would be for either fishway operating 
alone. If either fishway were operated alone, some, but not 
all, pike would ascend. Speculation about the efficiency of 
either fishway operated alone must recognize that the 
aggregate efficiency estimate of 38.7% represents the 
maximum possible efficiency under these circumstances and 
the true efficiency would be lower. 

The efficiency estimate for pike passage in these 
fishways far exceeds those for other fishways in western 
Canada. Halstead (1984) determined the efficiency of a 
standard Denil fishway at Fawcett lake, Alberta, to be only 
2.3% with respect to northern pike. Fernet (1984) estimated 
efficiency for pike at 10.4% for the same fishway after 
improvements were made to its design. An extremely low 
efficiency of only 0.2% was estimated for the pool and weir 
fishway formerly in place at Fawcett Lake (Minchau 1980). A 


pool and weir fishway at Gregoire Lake had an estimated 
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efficiency of 6.4% for pike (Watters 1980). 

The chief reason for the superior efficiency of the 
fishways in this study is likely the absence of competing 
attraction flow. In the previously cited studies, the 
fishways were located adjacent to spillways whereas no 
spillway flow was present in this study. Pike are easily 
diverted by competing flow and are attracted to the highest 
discharges in the vicinity (Dunn 1983, Fernet 1984, Halstead 
1984). Absence of competing attraction flow in the present 
study allowed pike to easily locate the fishway entrance. 

Entrance conditions are related to competing attraction 
flow. Unsuitable location of the entrances in relation to 
competing attraction flows probably reduced passage at the 
Fawcett Lake fishway (Halstead 1984, Fernet 1984) but was 


not a factor at the Siisiip fishways. 


7.3.2 Comparison of Efficiency in Experiments One and Two 
The tears efficiency in Experiment One was 4.7%, 
approximately one-eighth the value estimated for Experiment 
Two. This may be attributed to the difference in capture 
methods in the two experiments. In Experiment One, the fish 
were captured in gill nets whereas in Experiment Two they 
were captured in trap nets. Fish were entangled in the nets 
for up to one hour before being tagged and released. No 
mortalities resulted from this capture method but the added 


stress may have affected subsequent behaviour of these pike, 
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reducing their migratory urge. 


7.3.3 Fishway/Flow Regime Efficiencies 

These efficiency values indicate the effectiveness of 
each fishway and flow regime combination for passage of 
northern pike. Comparisons of pike passage in Sections 6.4 
and 6.5 were based on absolute numbers regardless of 
availability. In this section, passage is expressed 
relative to the number of pike available. Results show that 
the best combination of fishway and flow regime is the 
steeppass fishway at high flow, with an efficiency of 32%. 
Next is the standard Denil fishway at low flow (18%) 
followed by the steeppass fishway at low flow (9%) and the 
standard Denil fishway at high flow (4%). 

These estimates lend credence to the observations of 
absolute passage numbers in Experiment Two in that the 
efficiencies of the fishway/flow combinations are ranked in 
the same order as the absolute passage numbers. 

The efficiency of the steeppass fishway operated at 
high flow was 32%. If the steeppass fishway had operated 
alone, some of the pike that ascended the standard Denil 
fishway may have ascended the steeppass fishway. In that 
case, the efficiency would have been 36%. Thus, the 
steeppass fishway operated at a mean depth of flow of 41 cn, 
has an efficiency between 32% and 36%. This is about three 


and one-half times greater than the standard Denil fishway 
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at Fawcett Lake (Fernet 1984). 

The second best efficiency was for the standard Denil 
fishway operated at low flow (18%). If it had been operated 
alone and all the fish that ascended the steeppass fishway 
had ascended it, the efficiency would have been 27%. Thus, 
the efficiency of the standard Denil fishway, operated at a 
mean depth of 26 cm, lies between 18% and 27%. Similarly, 
the efficiency of the steeppass fishway operated alone at 
low flow would lie between 9 and 27% and the standard Denil 
fishway operating alone at high flow would have an 
efficiency between 4 and 32%. 

Two conclusions can be reached from these efficiency 
estimates. First, the highest efficiency value is for the 
steeppass fishway, suggesting that the steeppass fishway is 
preferred by northern pike. However, it should be noted 
that pike are equally capable of ascending both types of 
fishways. If only one type of fishway is available, the 
efficiencies may be comparable regardless of fishway type. 
Second, even the value for the standard Denil fishway (at 
low flow) exceeds that from any other study for which 
estimates are available. This indicates that other factors 
such as competing attraction flow and entrance location may 


figure significantly in fishway success. 


7.3.4 Period Efficiencies 


The period efficiency values varied greatly, with lower 
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values occurring near the end of the study. The average 
period efficiency was fairly high at 21.8%. This is a 
reflection of the high overall efficiency of the fishways 


and the short delay time. 


7.4 Swimming Speed of Pike 

Burst speed is defined as the velocity that can be 
maintained by fish for periods of less than 20 seconds 
(Beamish 1978). Northern pike are well adapted for burst 
swimming. Muscle tissue is predominantly anaerobic white 
muscle which is well suited to burst swimming (Bone 1966) 
and pike body configuration further lends itself to fast 
start performance (Weihs and Webb 1983). 

Burst speed of pike has been estimated at up to 4.0 
m/sec (Nelson 1983, Stringham 1924) but this speed can be 
maintained for only about one second (Nelson 1983). As the 
time span increases, burst speed decreases. Nelson (1983) 
measured burst speed of pike for two seconds at 3.3 m/sec, 
for ten seconds at 1.2 m/sec and for 14 seconds at 0.9 
m/sec. Halstead (1989) measured the speed of one pike at 
1.3 m/sec for 15 seconds. Little information is available 
on pike swimming speeds for slightly longer time periods but 
it appears that a speed of 0.8 m/sec can be maintained for 
up to 130 seconds (Orr, unpublished data). 

Observations of swimming speeds of pike at the study 


site were limited in number but showed that pike were 
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capable of speeds of 0.6 m/sec to 1.0 m/sec over periods of 
ten to 22 seconds. These speeds are comparable to estimates 
of Nelson (1983). Note that these estimates do not 
necessarily indicate maximum swimming ability since the pike 
may only exert themselves to the extent required for fishway 


ascent. 


7.5 Delay Times 

Very short delay times were observed in this study, in 
contrast to other studies in western Canada. The mean delay 
time for pike at the Fawcett lake fishway was 14.5 days in 
1982 (Halstead 1984) and 9.9 days in 1983 (Fernet 1984). 
The mean delay time at the Cowan Dam fishway in 1985 was 
16.2 days. By comparison, the mean delay time at the 
Siisiip fishways was only 4.8 hours. 

The short delay time in this study was likely due to 
the absence of competing attraction flow. Both the Fawcett 
Lake fishway and the Cowan Dam fishway were operated 
adjacent to water control structures which were discharging 
at rates up to twenty times the outflow of the fishways 
(Fernet 1984, Katopodis et al. 1991). This competing flow 
would have made it difficult for pike to locate the fishway 
entrances. In the case of the Cowan Dam fishway, longer 
delay times may have been in part due to less motivation. 
Peak passage at this structure occurred at water 


temperatures of 17 - 18°C and virtually all pike were spent 
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(Katopodis et al. 1991). Concentrations of pike below the 
fishway may have been post-spawning feeding aggregations and 
motivation for upstream migration would have been low 
relative to pike at the Siisiip fishways. 

The median delay time for ascending pike in this study 
was 2.75 hours. However, the median turnaround time for 
nonascending pike was considerably longer at 18 hours. This 
difference may be related to differences in motivation 
between the two groups. The nonascending pike may have been 
sufficiently motivated to migrate upstream and remain in the 
area for some time after the obstacle of the fishway was 
encountered but not sufficiently motivated to attempt to 
ascend. Other pike that were more highly motivated were not 


delayed by this obstacle. 


7.6 Migration 

The recapture at the fishways in 1990 of three pike 
tagged in 1989 suggests that pike from a local population 
return to the area each year for spawning. However, 
captures of tagged fish from a variety of directions and at 
considerable distances from the study site suggest that pike 
in this area may have no distinct home range but travel 
freely throughout a broad area and use a number of spawning 
sites. This is supported by the capture of a pike tagged in 
1989, during the 1990 spawning season, at Cross Lake, 45 


kilometres from the study site. 
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7.7 Management Implications 
7.7.1 Suitability of Standard Denil and Steeppass Fishways 
for Northern Pike 

Efficiency comparisons in this study indicate that the 
steeppass fishway provides better passage for northern pike 
when operated at high flows. Since fishways generally 
operate with depths of flow at least as great as in the high 
flow in this study, the steeppass fishway would appear to be 
the most appropriate design for northern pike. However, 
pike were equally capable of ascending both fishways 
therefore the standard Denil design may also be appropriate 
for this species. 

Only two efficiency estimates have been conducted for 
pool and weir fishways (Watters 1980, Minchau 1980) 
therefore comparisons to Denil fishways are difficult. As 
well, it is difficult to separate passage differences due to 
fishway type from differences due to entrance 
characteristics and competing attraction flows. However, it 
appears that both the steeppass and standard Denil fishways 
are better suited to northern pike than the pool and weir 
design. 

No efficiency estimates are available for vertical slot 
fishways so direct comparisons cannot be made with this 


design. 
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7.7.2 Competing Attraction Flow 

A major difference between the Siisiip fishways and 
other fishways was the absence of competing attraction flow 
from spillways or bypass channels. This may account for the 
higher efficiency and shorter delay times observed here. 

The effects of competing attraction flow may be reduced 
by proper siting of the fishway entrance. The entrance 
should be at the point of maximum upstream movement of the 
fish and the velocity barrier of the spill pattern used to 
guide the fish to the entrance (Clay 1961, Pavlov 1989, 
Leman and Paulik 1966). In some situations, intermittent 
spills from the spillway may be used to advantage (Bell 
1973 ,WPavlove19389; Hayes 1953). 1, Largersthansnormal 
discharges that will draw fish into the area, may alternate 
with periods of no discharge during which fish can more 
easily locate the fishway entrance. However, the 
alternating flooding and dewatering of downstream littoral 
areas may have adverse impacts on fish populations in these 


areas. 


7.7.3 Swimming Ability of Northern Pike and Fishway Water 
Velocities 
Burst swimming allows pike to quickly overcome the 
short stretches of high velocity water that are found in 
fishways. Pike in this study were capable of ascending 


fishways against water velocities between .50 and .78 m/sec. 
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These velocities are probably permissible in fishways used 
by pike. However, the observation of one pike being unable 
to ascend against a velocity of .47 m/sec suggests that such 
velocities may also be near the limit of pike capabilities. 
This has implications for fishway design since most Denil 
fishways operate with greater depths of flow and therefore 
higher water velocities. For example, velocities in the 
Denil fishway at the Fairford Dam ranged from 0.7 m/sec to 
1.4 m/sec while velocities in the Cowan Dam fishway ranged 
between 0.7 m/sec and 1.7 m/sec (Katopodis et al. 1991). 
Such conditions, especially in long fishways, may restrict 
fish passage. 

Water velocities in the Siisiip fishways did not appear 
to be prohibitive since a high rate of passage was observed. 
However, sixty per cent of pike did not ascend the fishways 
and the question arises as to whether prevailing water 
velocities prevented their ascent. 

Pike could ascend the fishways by using various 
combinations of swimming speed and time. The speed versus 
time combinations for the standard Denil fishway operating 
at high flow (mean depth of .40 metres) are plotted as a 
curve in Figure 21. Two curves are presented, corresponding 
to the maximum and minimum velocities encountered in the 
fishway. Curves for the steeppass fishway would be very 
similar since water velocities were similar. The area 


between the two curves represents the combinations of time 
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Required Swimming Speed (m/sec) 


—— At bottom -—+ At surface 


Known Swimming Speeds 
X Nelson (1983) 
[_] Olmer and Schwartzkopff 
(in Schwalme and MacKay 1985) 
* Orr (unpublished data) 


Water velocity at bottom = .22 m/sec 


Water velocity at surface = .97 m/sec 
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Figure 21. Velocity/time curves for standard Denil 
fishway operated at high flow (.40 m) 


Note: Swimming speed = water velocity + forwardvelocity of fish. 
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Figure 22. Velocity/time curves for standard Denil 
fishway operated with depth of flow of 1.4 metres. 


Note: Swimming speed = water velocity + forwardvelocity of fish. 
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and swimming speed that would allow fishway ascent. 

Known pike swimming speeds for various lengths of time 
are plotted as points in Figure 21. Comparison of these 
points to the curves indicates that for speed versus time 
combinations involving times of four seconds or longer, pike 
are capable of ascending the fishway. Thus, water 
velocities in the standard Denil fishway, operated at .40 
metres depth, are not prohibitive to pike passage. However, 
all points representing pike swimming speed lie below the 
curve corresponding to the highest velocity in the fishway. 
This suggests that there are depth zones in the fishway with 
velocities that are excessive for pike. 

The fishways in this study were built to operate at 
depths of flow up to 1.4 metres. This would result in 
higher water velocities and a greater challenge to migrating 
pike. Combinations of speed versus time required for pike 
ascent of the standard Denil fishway operated at 1.4 metres 
depth are plotted as curves in Figure 22. Two curves are 
presented, corresponding to the maximum and minimum 
velocities in the fishway. Known pike swimming speeds for 
various lengths of time are also plotted. Comparison of 
these points to the curves indicates that northern pike. are 
capable of ascending the fishway for speed versus time 
combinations for the time range of four seconds and greater. 
However, these points lie very close to the lower curves 


suggesting that northern pike would be able to ascend only 


120 


mae Se emetic: uke 
omit evevev beoas 402 tert @ 
etig penance" kr 
sotew .out? yewdedy silt emuace 
0+. 4h Bbetsveqe .yowdel?) Land Suahnota a 
yevewoH .apseesq ottg of svizagideny Jon ems a 
eit woled elf beaqe galmtiwe oaiq sakeieeeaae 
.yawsinis ett ma ‘yaioolew geadolti ort <i hgileeagiaane 
ijiw yewiel? oft nt aenes diqeh oa etedd tan cue é 
eAlq 49 eviangooxs e215 tent | 
$n stetege of titud waew youta abas ol wyswdell? eft 
ai 2iveasx bluow sid? peeasem: b.2 o3 gu wold to ad3qob 
prisetpin of epnelleda seteoup 2 bas esliioolay yedaw soriphd 
etig wit hertupes emit erate beeqe Io enel+enhdeao’ etig? 
esztouw 6.15 Ja hetexeqo Yytwielt ised Sithasta eft Fo 2negese a 
ois aeviso ow? .62 2ruiplt at sevtie ns bostt0sq e168 3qeb,,, 
auainia brea aontnen wat? of poallaoqges 1305 beseee 
102 ehbeeqe pniciws ethy mvond  yewsiets oly mi i nabtiooley: 
to woelusamus .oSetdei¢ cells oma emit to eftpnel auolasy : 
aio e4iq med2ior Joid estenibat aevavs eft of ezniog ovedt 
anit 2vensv besde 102 yewdel? et? ypolonotes 20 eideqss 
tataoty tea shins: W0l Yo epnam emia ond 20% cashsaciie ae 
aevis yowol of Of snolo ye ge etatog eandz tevewor 
yino bieses oF sida Sad biviow okig sexedsxon Jed? SEN 


near the bottom in the standard Denil fishway. 

Generalized velocity profiles are not available for 
steeppass fishways, therefore local water velocities cannot 
be accurately predicted. However, experimental studies 
(Rajaratnam and Katopodis 1991) show that the velocity 
profile of the steeppass fishway changes substantially at 
greater depths of flow. For yo/b ratios greater than about 
2.0, the maximum velocity occurs at mid-depth and lowest 
velocities occur at the surface and the floor of the 
fishway. The surface and bottom velocities tend to increase 
relative to those found at lower depths of flow. It would 
thus appear that only a small zone of passage would be 
available for ascent of northern pike in the steeppass 
fishway at an operating depth of 1.4 metres. 

This analysis has been somewhat simplistic in that 
water velocity is the only force assumed to be acting on the 
fish. In addition to water velocity, pike ascending a 
fishway must also overcome virtual mass force and gradient 
force (Behlke et al. 1990). These additional forces may 
reduce pike swimming speeds in the fishway and further limit 
fishway performance. 

A further complication may occur in Denil and steeppass 
fishways with more than one section. Burst swimming 
requires the use of white muscle tissue which functions 
anaerobically and incurs an oxygen deficit when used 


(Beamish 1978). Repayment of this oxygen debt takes time 
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and swimming performance may decline if successive bouts of 
burst swimming are required over a short period. Pike may 
be capable of ascending single lengths of fishway as in this 


study but may be deterred by multiple lengths of fishway. 


7.7.4 Motivation 

Comparisons of the swimming ability of northern pike to 
prevailing water velocities in the Siisiip fishways indicate 
that pike are capable of ascending the fishways. However, 
not all pike reaching the fishway vicinity necessarily had 
sufficient motivation to enter and ascend the fishways. 
Migrational motivation is not as strong among freshwater 
fish as it is among anadromous fish (Collins and Gillis 
1985). In particular, northern pike may lack sufficient 
motivation to overcome difficult obstacles to migration 
(Fernet 1984). Less than optimum fishway performance may be 


partly attributed to low motivation of pike. 


7.7.5 Alternative Mitigation 

Typically, mitigation for blockage of fish spawning 
runs by water control structures involves installation of 
fishways to allow further upstream passage of fish. With 
respect to northern pike, however, a fishway may not be the 
most appropriate mitigation. For various reasons, northern 
pike passage at fishways in western Canada has been poor. 


Further research may improve performance but attainment of a 
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satisfactory level of performance may be difficult. Collins 
and Gillis (1985) suggest that 80% is the minimum acceptable 
passage rate for a fishway. Since this goal may not be 
achievable for northern pike, an alternative is creation of 
spawning areas downstream of the control structure. For 
example, extensive meadows below the Siisiip fishways could 
be developed into spawning marshes with controlled water 


levels to provide optimum conditions for pike reproduction. 


8. Summary and Conclusions 

Low water levels in 1989 prevented operation of the 
Siisiip fishways. Higher water levels in 1990 allowed 
proper fishway operation and performance comparisons were 
made between the standard Denil and steeppass fishways. 

The fishways were operated simultaneously at two flow 
regimes. Low flow was characterized by mean depths of .25 
m, discharges of about .045 m’/sec, mean water velocities of 
.25 m/sec and maximum water velocities of .46 m/sec. The 
high flow regime had mean depths of .41 m, discharges of 
about .10 m’/sec, mean water velocities of .41 m/sec and 
maximum water velocities of approximately .9 m/sec. 

Eighty-seven pike, ranging in size from 25.2 cm (90 g) 
to 88.5 cm (5.8 kg), ascended the fishways during the study. 
Pike behaviour in choosing to ascend a particular fishway 
was probably governed by their reaction to different water 


velocities in combination with a characteristic approach 
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path to the fishway entrances. 

The first experiment showed that pike were equally 
capable of ascending both fishways under both low and high 
flow conditions. The second experiment showed that under 
high flow conditions, when characteristic flow patterns were 
present, pike preferred to use the steeppass fishway, 
probably due to a preference to swim against high water 
velocities. No difference in the use of fishways was 
observed at low flows. 

During Experiment One, aggregate efficiency for pike 
was estimated at 4.7%. This is probably an underestimate of 
efficiency since fish behaviour was likely affected by the 
stress of capture in gill nets. During Experiment Two, fish 
were captured in traps, reducing stress on the fish. The 
aggregate efficiency in Experiment Two was estimated at a 
maximum of 38.7%. Passage efficiency was estimated at 32% 
for the steeppass fishway at high flow, 18% for the standard 
Denil fishway at low flow, 9% for the steeppass fishway at 
low flow and 4% for the standard Denil fishway at high 
flow. For the twelve hour operating periods, aggregate 
efficiency averaged 21.8%. 

There were no differences in length, sex or spawning 
condition between pike ascending the two fishways. In 
comparing pike that ascended either fishway and pike that 
did not ascend the fishways, no differences were evident 


with respect to sex or spawning condition. However, 


124 


oiew newadiog walt vidalzeduensda meriw 4 
Erste? mapqqeota eff sav ot- . . Ma 

cotew dytd saakepe mive es meena dcoaee eb wke 

zuw ayowibk? Jo ae oe a “enpxelTib of, | si thee 

| ewok? wok 3a Bi 

oni to% yorehoh tis esapespye .snh taamhueqal or 

lo aJawiteorsion ne yicteorgi abel . Fie Je botsaides = 
oft vd bagosdle yietil wew eebivednd Melt eonts caahaan 
dakd owt s4smdyvegns wks a2 ai LLiy at ated jaded 20 — 
sit .c2l5% off mo eneuwze Ertl ober saqens al borw3gac aa 

6 ta bedoni ge ety eat cheek aaent ma yousiolt>« arenes 
St Jn Beree4en Hew Poneioltie oyetisaeT. .€f.8¢. Io monbscne 
brebnade ons tat #07 wot? dpid 4% yawdol? eusqygoetn acid. <0 
‘> yewifet eedggnhas, edd 2d. #e ,wett wot ts yevrlets fined, 
sold ds yYededl Lined tuahnsde 2ed9 wot #6 baa wOlt wor 
ayupetpos \abekteg paitesege tuod eviews ad? 10% .»Wolt 

.$8. 02 bepstove yousioliis 


pin 
i 


palowsgm 20 “@— ,titynol mi neonexsh21b on exew axent 
1k .@yewiet? ows sdy pibirmaoes octq neevsed colstibnos 
joe etia oor yewdet!t 194eie bebasoes 1ae9 otig prixeqnos 
inaiNvs stew seoreientib ea ,ayewdels edt pnejas Jom BIB 
ievatot .noltibeoo palawege ao. nee oF Jvageet @ w 


ascending pike tended to be smaller than nonascending pike. 
The size difference was even greater when nonascending pike 
were compared to pike that ascended during high flow 
periods. 

Limited observations suggest that pike swim in the 
higher velocity zones of the fishways. Timed ascents 
indicated swimming speeds between .61 m/sec and .87 m/sec 
over the length of the upper channel. 

Pike arriving in the fishway vicinity were very quick 
to ascend the fishways. The median delay time was only 2.75 
hours, considerably less than delay times of up to 16 days 
observed at other fishways. The short delay time is likely 
due to the absence of competing attraction flows in the 
area. 

The steeppass fishway design appears to be preferred by 
northern pike when both fishways are available. However, 
the standard Denil design may be just as effective as the 
steeppass design if it is the only fishway available at a 
site. The high passage rates observed at this location may 
not be solely attributable to fishway design but may result 
from an absence of competing attraction flow. 

Northern pike swimming abilities were sufficient to 
allow ascent of the fishways at the operating depths used in 
the study and should be sufficient to allow ascent at depths 
up to 1.4 metres. Pike may encounter difficulties in 


ascending standard Denil and steeppass fishways with greater 
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depths. 

In spite of a high passage rate relative to other 
fishways, about 60% of the pike still did not ascend the 
fishways. This suggests that the steeppass design may not 
be ideal for pike and other designs should be tested. Also, 
pike motivation may be insufficient for total passage at any 
facility and alternative mitigation to fishways may need to 


be considered where pike migrations are blocked. 


9. Recommendations 
9.1 Management Recommendations 

ave For planned fishway installations where northern 
pike is the major species of concern, either the 
steeppass or the standard Denil design may be 
used. Further research is required before either 
design can be regarded as superior for pike. 

2 In planning mitigation for blockage of fish 
spawning runs involving substantial numbers of 
northern pike, alternative mitigation should be 
considered. For northern pike, an appropriate 
alternative may be development of spawning marshes 
immediately downstream of the barrier. 
Alternatives such as this may be developed as the 
sole mitigation or in conjunction with a fishway. 

3% New fishway structures should be installed to 


allow easy removal and replacement with other 
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fishway types if monitoring shows poor fish 
passage. Ideally, designs should allow for side- 
by-side installation of two fishways for 


comparative purposes. 


9.2 Research Recommendations 

as Further comparisons of the standard Denil and 
steeppass fishways should be conducted at another 
site with larger numbers of fish to corroborate 
the results of this study and to determine the 
suitability of each design for other species such 
as walleye. 

ae A similar comparative study should be conducted 
with steeppass and vertical slot fishways. 

3 The present study indicated more pike ascents at 
greater operating depths (ie. greater discharge 
and velocity). Greater operating depths than used 
in this study may stimulate higher rates of 
passage. Further research should be conducted to 
determine the operating depth and water velocity 
that results in the best passage of northern pike. 

4. Absence of competing attraction flow may be one 
reason why the passage rate of pike was relatively 
high in this study. Research should be conducted 
at a fishway situated adjacent to a spillway to 


determine if fishway passage differs during time 
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periods with and without spillway flow. 

Research is needed on pike swimming abilities. 
Very little information is presently available on 
pike swimming speeds over time periods of ten to 
thirty seconds which is the time span needed for 
ascent of a single section of Denil fishway. 
Research should be conducted to determine the 
ability of pike to undergo successive bouts of 
burst swimming such as is required to ascend Denil 


fishways of several sections. 
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Appendix 1. Derivation of discharge and velocity values for 
Siisiip fishways. 


1) Discharge Q 


a) Standard Denil fishway 


Q* = Q/VgSob.> and, g = 9.81 m/sec’ 
Somer. 
Q* = 0.94(yo/bo)* therefore, bo = .406 m 


Q/VgSobo = 0.94 (yo/bo)? and 
Q = 0.098 (yo/ bo)” 
Q is found by substituting .406 m for bo and the 


measured depth for yo and solving. 


b) Steeppass fishway 


Q* = Q/VgSob.© and, g = 9.81 m/sec’ 
So = .1 
Q* = 0.97(yo/bo)'* therefore, be = 2406 m 


Q/VgScbo’ = 0.97 (yYo/bo)!*> and 
Ouse aO Cys bers 
Q is found by substituting .406 m for bo and the 
measured depth for yo and solving. 
2) Calculation of local velocities 
a) Standard Denil fishway 


Dimensionless discharge curves were used _ to 
calculate Q* based on yo/bo: 


O*) = 50294 (Yo/. bs)" 


Dimensionless velocity scales were used to 
calculate the velocity scale u’m based on Q*: 


Us = 0.76 Q*°9 = ulm / VgSobo 


Local centreline velocities were then calculated 
using the following equations: 
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3) 


Where 0.6<yo/b<0.9, 


u/u’m = 0.58 + 0.33(y/yo) - 1.78(y/yo)? + 2.80(y/yo)? 


Where 0.9<yo/b<1.2, 


u/u’m = 0.40 + 0.98(y/yo) - 3.45 (y/yo) + 4-32(y/yo)? 


b) Steeppass fishway 


Dimensionless discharge curves were used _ to 
calculate Q* based on yo/bo: 


O*% =" 0-97 (vorbe) 


Dimensionless velocity scales were used _ to 
calculate the velocity scale um based on Q*: 


UF = 43 0 = in VG Sobe 


Local centreline velocities were then calculated 
using the following equation: 


U/Um = 1.067617 "0%° 


Calculation of average velocities U 
For both fishways, the depth-averaged velocity U for each 


time period was calculated as the arithmetic mean of the 
local velocities u. 
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Appendix 3. Dimensions of baffles used in Siisiip fishways. 
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Appendix 4. Details of northern pike ascents of the standard 
Denil fishway during experimental trials in 1989. 


The standard Denil fishway was modified by placing boards 
at the upper end of the middle channel to raise the water 
level in the upper resting pool by approximately 10 
centimeters. This eliminated the water fall effect at the 
lower end of the upper channel. A screen was placed at the 
upper end of the middle channel to prevent downstream escape 
of pike. 

Pike captured in the downstream trap were then placed in 
the upper resting pool in groups and their movements observed. 


Group One - May 9, 1989 


Spawning 
Ta Length (cm Sex Condition Observations 
1109 56.4 M E Ascended to exit 
ules Oe a 67.2 F R Ascended to exit 
7052 58.8 F R Ascended to exit 
Group Two - May 10, 1989 
Spawning 
Ta Length (cm Sex Condition Observations 
1142 45.8 M E Did not ascend 
1438 ee. F Ss Did not ascend 
125 54.0 M E Ascended to exit 
after three hours 
16 56.2 M E Did not ascend 
sly ake 62.0 F G Did not ascend 
Group Three - May 11, 1989 
Spawning 
Ta Length (cm Sex Condition Observations 
ahs bee) 48.8 M E Did not ascend 
ly ay 56.0 M S Ascended to exit 
after eight hours 
1128 59.0 M E Did not ascend 
£129 ,1130 76.8 F S Ascended to exit 
after three hours 
7005 39.8 M E Ascended to exit 


after seven hours 
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Appendix 4, continued. Details of northern pike ascents of 
the standard Denil fishway during experimental trials in 1989. 


On May 12, modifications were made to the baffles to 
allow continuous movement of fish from the lower resting pool 
to the exit of the standard Denil fishway. A screen was 
placed at the upper end of the lower fishway channel to 
prevent escape. Two groups of fish were placed in the lower 
resting pool and their movements observed. 


Group Four - May 12, 1989 


Spawning 
Tag # Length (cm) Sex Condition Observations 
Bie WS has 59.0 S Ascended to upper 


pool after 30 
minutes. Ascended to 
exit after one hour, 
thirty minutes. 
1136 65.6 S Ascended to upper 
pool after 30 
minutes. Did not 
ascend to exit. 


1140 67.2 M R Did not ascend. 
1143 7O0—4 M E Did not ascend. 
1144 47.2 iS) Ascended to upper 


pool after 30 
minutes. Ascended to 
exit after one hour. 


139 


- a bar 
i’ | awit 5 
7 : ge Pn 5 So 2 : P 
oe» tlelal pcksnolttbom SE a 

006 ns ke Se ee nate ott Xo © hte T= oka eae 


— parts ged Grom 
» ia 7 (4 


x : if ng) bee 
- 1 


. ee ou 48 7 a ee 


ee an 
pale s8t ——. aan 


_— mgd 2avasag® i Lie Ae) 8 3 
ssqGr oY Sebrapat .. > 9 uA 0.22 el 
of teats Lwog ; 
ot behassad yneduitia 
qued sie te7ta 2ixe 
eojuntn YPsart 
soqgaw of DelinipondéA a 
Of tettea loud 
jon bil .easunre 
tise od tntaoes 
Sanoan Per, O29 
-bugows Bue bad 
toggy <«o bebneoak 
ef sesfa Lecg 
o+ Sebasond .ne.tyarke 
. Wort sHo WIT SLKS 


a ed 


Appendix 4, continued. Details of northern pike ascents of 
the standard Denil fishway during experimental trials in 1989. 


Group Five - May 13, 1989 


Spawning 

Tag # Length (cm) Sex Condition Observations 

(Pike) 

1133 50.8 M Ss Ascended to exit 
after 45 minutes. 

12238 53.8 Ss Ascended to exit 
after 35 minutes. 

1139 63.8 M E Ascended to upper 
pool after ten 
minutes. Ascended 
to exit after 
one hour. 

1141 66.0 F R Ascended to exit 
one hour,thirty- 
five minutes. 

7023 Ae M E Ascended to exit 
after thirty-five 
minutes. 

(White sucker) 

1149 39.6 M E Did not ascend. 

1176 42.0 F S Ascended to upper 


pool after one hour 
ten minutes. 
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Appendix 5. 


Tagged white suckers and northern redhorse suckers, Siisiip 


fishways, 1989. 


Tag 
Number 


1059 
1110 
1121 
1149 
1176 
1177 
1178 
1181 
1185 
1183 
1184 
1182 
1186 


Species 


Ze cereetetrtet zt ££ 


Sucker 
Sucker 
R Sucker 
Sucker 
Sucker 
Sucker 
Sucker 
Sucker 
Sucker 
Sucker 
Sucker 
Sucker 
Sucker 


Fork 
Capture Length Weight 
Location Date Time (cm) (g) 
us trap 5/ 5/1989 1230 PM 45 
us trap 5/ 9/1989 905 AM 46 
us trap 5/11/1989 900 AM 38 750 
us trap 5/13/1989 905 AM 40 1075 
us trap 5/13/1989 915 AM 42 1325 
us trap 5/15/1989 900 AM 48 1500 
ds trap 5/15/1989 730 PM 47 1400 
ds trap 5/16/1989 800 PM 43 
gill net 5/16/1989 45 
gill net 5/16/1989 44 
gill net 5/16/1989 40 
gill net 5/16/1989 40 
gill net 5/16/1989 42 
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Appendix 6. Tagging data for white suckers, Siisiip fishways, 1990. 
(Records arranged chronologically) 


Note: TDS denotes fish that were initially captured and tagged at 
the downstream trap. 


Fork Repro- 

Tag Capture Length Weight ductive Release 
Number Location Date Time (cm) (g) Sex Condition Location 
7078 gill net 5/11/1990 100 PM 42 425 s pool 
1413 gill net 5/12/1990 1130 AM 44 1125 M R pool 
1416 ds trap 5/14/1990 1000 AM 42 1350 s acc chan 
1417 ds trap 5/14/1990 1000 AM 42 1150 s acc chan 
7308 us trap 5/17/1990 1000 AM 49 1525 F s pool 
7312 us trap 5/17/1990 1000 AM 45 1400 F ) pool 
7311 us trap 5/17/1990 1000 AM 43 1200 F Ss pool 
7313 us trap 5/17/1990 1000 AM 47 1400 F s sacrificed 
7315 us trap 5/17/1990 1000 AM 44 1175 M iS pool 
7314 us trap 5/17/1990 1000 AM 47 1450 F s pool 
7300 us trap 5/17/1990 1000 AM 46 1450 F Ss pool 
7299 us trap 5/17/1990 1000 AM 47 1525 F Ss pool 
7310 us trap 5/17/1990 1000 AM 48 F s sacrificed 
7305 us trap 5/17/1990 1000 AM 50 1900 F Ss pool 
7304 us trap 5/17/1990 1000 AM 49 1800 F Ss pool 
7303 us trap 5/17/1990 1000 AM 45 1175 F s pool 
7266 ds trap 5/17/1990 1030 AM acc chan 
7314 ds trap 5/17/1990 1030 AM acc chan 
7254 us trap 5/17/1990 900 AM 47 1375 M s pool 
7260 us trap 5/17/1990 900 AM 49 1550 M Ss pool 
7265 us trap 5/17/1990 930 AM 48 1475 F ) pool 
7286 us trap 5/17/1990 930 AM 42 1100 M R pool 
7261 us trap 5/17/1990 930 AM 47 1650 F iS pool 
7292 us trap 5/17/1990 930 AM 52 2200 F s pool 
7266 us trap 5/17/1990 930 AM 45 1275 F Ss pool 
7293 us trap 5/17/1990 930 AM 49 1675 F iS pool 
7291 us trap 5/17/1990 930 AM 46 1600 F Ss pool 
7262 us trap 5/17/1990 930 AM 49 1700 F S pool 
7290 us trap 5/17/1990 930 AM 50 1700 E Ss pool 
7267 us trap 5/17/1990 930 AM 44 1175 F Ss pool 
7294 us trap 5/17/1990 930 AM 51 1650 F Ss pool 
7264 us trap 5/17/1990 930 AM 47 1550 F s pool 
7263 us trap 5/17/1990 930 AM 48 1650 E Ss pool 
7298 us trap 5/17/1990 930 AM 50 1900 F Ss pool 
7361 ds trap 5/18/1990 800 PM iS acc chan 
7362 ds trap 5/18/1990 800 PM Ss acc chan 
7254 ds trap 5/18/1990 800 PM S acc chan 
733) ds trap 5/18/1990 800 PM S acc chan 
1357 ds trap 5/18/1990 800 PM 5 acc chan 
7375 ds trap 5/18/1990 800 PM S acc chan 
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7380 


trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
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trap 
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trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
trap 
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1875 
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1675 
1450 
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1900 
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Appendix 7. Tagging data for northern pike, Siisiip fishways, 1989. 
(Records arranged chronologically) 


( ) - signifies a tag originally applied but later removed or lost 

C ] - signifies a tag applied in the previous year 

Two numbers separated by a comma signifies two tags applied to same fish 
TAC signifies that the fish was tagged at the fishway exit 

TDS signifies that the fish was tagged at the downstream trap 


Fork Repro- 
Tag Capture Length Weight ductive Release 
Number Location Date Time (cm) (g) sex Condition Location 
1003 us trap 5/ 4/1989 940 AM 57 M E pool 
1004 us trap 5/ 4/1989 940 AM 55 M G pool 
1006 us trap 5/ 4/1989 940 AM 59 K E pool 
1008 us trap 5/ 4/1989 940 AM 57 F ) pool 
1009 us trap 5/ 4/1989 940 AM 56 M E pool 
1011 us trap 5/ 4/1989 940 AM 67 F R pool 
1012 us trap 5/ 4/1989 1000 AM 52 M E retnr 
1014 us trap 5/ 4/1989 1000 AM 64 F E retnr 
1017 us trap 5/ 4/1989 1000 AM 78 M E retnr 
1019 us trap 5/ 4/1989 1000 AM 51 F E retnr 
1020 us trap 5/ 4/1989 1000 AM 61 F E retnr 
1022 us trap 5/ 4/1989 1000 AM 52 F E retnr 
7002 us trap 5/ 4/1989 1000 AM 42 M E retnr 
1007 us trap 5/ 4/1989 1000 AM 52 F E retnr 
1012 retnr 5/ 5/1989 1130 AM 52 M E pool 
1014 retnr 5/ 5/1989 700 AM 64 F E pool 
1017 retnr 5/ 5/1989 700 AM 78 a4 E pool 
1019 retnr 5/ 5/1989 700 AM 51 F E pool 
1020 retnr 5/ 5/1989 700 AM 61 F E pool 
1022(1073) retnr 5/ 5/1989 700 AM 52 F E pool 
7002 retnr 5/ 5/1989 700 AM 42 i E pool 
1007 retnr 5/ 5/1989 700 AM 52 F E pool 
1026 us trap 5/ 5/1989 1140 AM 55 Ss pool 
1027 us trap 5/ 5/1989 1140 AM 51 M Ss pool 
1028 us trap 5/ 5/1989 1140 AM 61 F G pool 
1029 us trap 5/ 5/1989 1140 AM 52 M E pool 
1031 us trap 5/ 5/1989 1140 AM a2 M E pool 
1032 us trap 5/ 5/1989 1140 AM 50 M E pool 
1033 us trap 5/ 5/1989 1140 AM 51 M E pool 
1035 us trap 5/ 5/1989 1140 AM 47 M E pool 
1036 us trap 5/ 5/1989 1200 PM 46 M E pool 
1037 us trap 5/ 5/1989 1200 PM 55 M E pool 
1038 us trap 5/ 5/1989 1200 PM 58 M E pool 
1039 us trap 5/ 5/1989 1200 PM 61 M E pool 
1040 us trap 5/ 5/1989 1200 PM 58 M E pool 
1041 us trap 5/ 5/1989 1200 PM 51 F E pool 
1042 us trap 5/ 5/1989 1200 PM 52 M E pool 
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Appendix 8. Tagging data for northern pike, Siisiip fishways, 1989. 
(Records arranged by tag number) 


¢ ) - signifies a tag originally applied but later removed or lost 

[ ] - signifies a tag applied in the previous year 

Two numbers separated by a comma signifies two tags applied to same fish 
TAC signifies that the fish was tagged at the fishway exit 

TDS signifies that the fish was tagged at the downstream trap 


Fork Repro- 
Tag Capture Length Weight ductive Release 
Number Location Date Time (cm) (g) Sex Condition Location 
1003 us trap 5/ 4/1989 940 AM 57 4 E pool 
1003 ds trap 5/ 5/1989 520 PM 57 M E channel 
1004 us trap 5/ 4/1989 940 AM 55 M G pool 
1004 ds trap 5/ 5/1989 520 PM 55 M G channel 
1006 us trap 5/ 4/1989 940 AM 59 IM E pool 
1006 ds trap 5/ 5/1989 600 PM 59 M E channel 
1007 us trap 5/ 4/1989 1000 AM 52 F E retnr 
1007 ds trap 5/ 5/1989 520 PM 52 F E channel 
1007 retnr 5/ 5/1989 700 AM 3y2 F E pool 
1008 us trap 5/ 4/1989 940 AM 57 F iS pool 
1008 ds trap 5/ 5/1989 500 PM 57 F Ss channel 
1009 us trap 5/ 4/1989 940 AM 56 ui E pool 
1011 us trap 5/ 4/1989 940 AM 67 F R pool 
1011(1068) ds trap 5/ 7/1989 320 PM 67 2100 =F R channel 
1012 us trap 5/ 4/1989 1000 AM 52 M E retnr 
1012 retnr 5/ 5/1989 1130 AM 52 M E pool 
1012 ds trap 5/ 5/1989 600 PM 52 M E channel 
1014 us trap 5/ 4/1989 1000 AM 64 F E retnr 
1014 ds trap 5/ 5/1989 600 PM 64 F E channel 
1014 retnr 5/ 5/1989 700 AM 64 F E pool 
1017 us trap 5/ 4/1989 1000 AM 78 M E retnr 
1017 ds trap 5/ 5/1989 600 PM 78 M E channel 
1017 retnr 5/ 5/1989 700 AM 78 M E pool 
1017 us trap 5/11/1989 1000 AM 78 M R pool 
1017 ds trap 5/12/1989 1100 AM 78 M R channel 
1018 ds trap 5/ 5/1989 500 PM channel 
1019 us trap 5/ 4/1989 1000 AM Si F E retnr 
1019 ds trap 5/ 5/1989 540 PM 51 F E channel 
1019 retnr 5/ 5/1989 700 AM 51 F E pool 
1019 us trap 5/ 7/1989 1040 AM 51 F R pool 
1019 ds trap 5/ 8/1989 940 PM 51 F R channel 
1020 us trap 5/ 4/1989 1000 AM 61 F E retnr 
1020 ds trap 5/ 5/1989 540 PM 61 F E channel 
1020 retnr 5/ 5/1989 700 AM 61 F E pool 
1022 us trap 5/ 4/1989 1000 AM 52 F E retnr 
1022(1073) ds trap 5/ 5/1989 620 PM a2 F E channel 
1022(1073) retnr 5/ 5/1989 700 AM 52 F E pool 
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Appendix 9. Tagging data for northern pike, Siisiip fishways, 1990. 
(Records arranged chronologically) 


( ) - signifies a tag originally applied but later removed or lost 

[ ] - signifies a tag applied in the previous year 

Two numbers separated by a comma signifies two tags applied to same fish 
TAC signifies that the fish was tagged at the fishway exit 

TDS signifies that the fish was tagged at the downstream trap 


Fork Repro- 
Tag Capture Length Weight ductive Release 
Number Location Date Time (cm) (g) Sex Condition Location 
1153 steep 5/ 4/1990 700 AM 57 G marsh 
1156 stand 5/ 5/1990 700 AM 62 F E marsh 
1158 stand 5/ 5/1990 700 AM 47 G marsh 
1155 stand 5/ 5/1990 700 AM 40 M E marsh 
1154 steep 5/ 5/1990 700 AM 57 F E marsh 
1162 steep 5/ 5/1990 700 AM 42 G marsh 
1160 steep 5/ 5/1990 700 AM 61 M E marsh 
1166 gill net 5/ 5/1990 700 PM 46 M E pool 
7007 gill net 5/ 5/1990 700 PM 37 M E pool 
1165 stand 5/ 5/1990 700 PM 57 1175 E marsh 
1167 stand 5/ 5/1990 700 PM 46 850 G marsh 
1164 stand 5/ 5/1990 700 PM 43 700 G marsh 
1163 steep 5/ 5/1990 700 PM 46 F R marsh 
1169 steep 5/ 5/1990 700 PM 56 1250 M E marsh 
1171 steep 5/ 5/1990 700 PM 52 1100 F E marsh 
7008 stand 5/ 6/1990 700 AM 42 M E marsh 
1193 stand 5/ 6/1990 700 AM 50 G marsh 
1197 stand 5/ 6/1990 700 AM 57 M R marsh 
1192 steep 5/ 6/1990 700 AM 59 G marsh 
1189 steep 5/ 6/1990 700 AM 53 M R marsh 
didi steep 5/ 6/1990 700 AM 63 2300 G marsh 
1188 steep 5/ 6/1990 700 AM 43 G marsh 
1174 steep 5/ 6/1990 700 AM 55 1100 M S$? marsh 
1401 gill net 5/ 6/1990 700 PM 42 F S$? pool 
1404 gill net 5/ 6/1990 700 PM 57 M R pool 
1405 gill net 5/ 6/1990 700 PM 57 M R pool 
1199 gill net 5/ 6/1990 700 PM 56 M E pool 
1407 gill net 5/ 6/1990 700 PM 47 G pool 
1408 gill net 5/ 6/1990 700 PM 41 M4 S$? pool 
1198 gill net 5/ 6/1990 700 PM 45 G pool 
1200 gill net 5/ 6/1990 700 PM 52 M E pool 
1406 stand 5/ 6/1990 700 PM 57 M E marsh 
1196 standard 5/ 6/1990 700 PM 58 G marsh 
1411 stand 5/ 7/1990 700 AM 51 M R marsh 
1409 stand 5/ 7/1990 700 AM 60 G marsh 
7022 stand 5/ 7/1990 700 AM 37 F R marsh 
1410 stand 5/ 7/1990 700 AM 46 G marsh 
7010 gill net 5/ 7/1990 700 PM 44 M E pool 
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Appendix 10. Tagging data for northern pike, Siisiip fishways, 1990. 
(Records arranged by tag number) 


( ) - signifies a tag originally applied but later removed or lost 

C ] - signifies a tag applied in the previous year 

Two numbers separated by a comma signifies two tags applied to same fish 
TAC signifies that the fish was tagged at the fishway exit 

TDS signifies that the fish was tagged at the downstream trap 


Fork Repro- 
Tag Capture Length Weight ductive Release 
Number Location Date Time (cm) (g) Sex Condition Location 
1153 steep 5/ 4/1990 700 AM Sif G marsh 
1154 steep 5/ 5/1990 700 AM 57 E marsh 
1155 stand 5/ 5/1990 700 AM 40 E marsh 
1156 stand 5/ 5/1990 700 AM 62 E marsh 
1158 stand 5/ 5/1990 700 AM 47 G marsh 
1160 steep 5/ 5/1990 700 AM 61 M E marsh 
1162 steep 5/ 5/1990 700 AM 42 G marsh 
1163 steep 5/ 5/1990 700 PM 46 F R marsh 
1164 stand 5/ 5/1990 700 PM 43 700 G marsh 
1165 stand 5/ 5/1990 700 PM 57 1175 = E marsh 
1166 gill net 5/ 5/1990 700 PM 46 E pool 
1166 steep 5/ 7/1990 700 PM E orS marsh 
1167 stand 5/ 5/1990 700 PM 46 850 G marsh 
1169 steep 5/ 5/1990 700 PM 56 1250 M E marsh 
1171 steep 5/ 5/1990 700 PM 52 1100 F marsh 
1172 steep 5/ 6/1990 700 AM 63 2300 G marsh 
1174 steep 5/ 6/1990 700 AM 53 1100 M S$? marsh 
1188 steep 5/ 6/1990 700 AM 43 G marsh 
1189 steep 5/ 6/1990 700 AM 53 M R marsh 
1192 steep 5/ 6/1990 700 AM 59 G marsh 
1193 stand 5/ 6/1990 700 AM 50 G marsh 
1196 standard 5/ 6/1990 700 PM 58 G marsh 
1197 stand 5/ 6/1990 700 AM 57 M R marsh 
1198 gill net 5/ 6/1990 700 PM 45 G pool 
1199 gill net 5/ 6/1990 700 PM 56 M E pool 
1200 gill net 5/ 6/1990 700 PM 52 M E pool 
1401 gill net 5/ 6/1990 700 PM 42 F $s? pool 
1404 gill net 5/ 6/1990 700 PM 57 M R pool 
1405 gill net 5/ 6/1990 700 PM 57 M R pool 
1406 stand 5/ 6/1990 700 PM 57 M E marsh 
1407 gill net 5/ 6/1990 700 PM 47 G pool 
1408 gill net 5/ 6/1990 700 PM 41 M S$? pool 
1409 stand 5/ 7/1990 700 AM 60 G marsh 
1410 stand 5/ 7/1990 700 AM 46 G marsh 
1411 stand 5/ 7/1990 700 AM 51 M R marsh 
1412 stand 5/ 9/1990 700 PM 89 5800 F E marsh 
1414 us trap 5/13/1990 700 PM 77 3900 R pool 
1414 ds trap 5/14/1990 700 AM M E acc chan 
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Appendix 11. Tagged fish, miscellaneous species, Siisiip fishways, 1990 


Fork Repro- 

Tag Capture Length Weight ductive Release 
Number Species Location Date Time (cm) (g) Sex Condition Location 
7211 Y Perch ds trap 5/14/1990 930 AM 21 125 E acc chan 
finclip Burbot us trap 5/16/1990 830 AM 16 20 I acc chan 
7257 Walleye us trap 5/17/1990 830 AM 45 1125 M E pool 
7257 Walleye ds trap 5/18/1990 930 AM Ss acc chan 
7382 NR Sucker gill net 5/20/1990 1045 AM 39 1100 M S acc chan 
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Appendix 12. Comparison of fork lengths of northern pike 
ascending the Siisiip fishways, Experiment Two, 1990. 


a) Ascents of standard Denil versus steeppass fishway 


Mean Fork Critical 
Length (cm) n We Value Significance 
Standard Denil SOe2 aval 
1.040 2.048 NS 
Steeppass 46.9 19 
b) Ascents of ascending and nonascending pike, fishways 
combined 
Mean Fork Critical 
Length (cm n Ae Value Significance 
Ascending 48.1 30 
7) SAO 1.990 * 
Nonascending 530 52 


c) Pike ascending fishways at low flow versus pike ascending 
fishways at high flow 


Mean Fork Critical 
Length (cm n ic Value Significance 
Low flow ascents 50.5 TESS 
Wee 2.048 NS 
High flow ascents 4515 15 
da) Pike ascending either fishway at high flow versus 
nonascending pike 
Mean Fork Critical 
Length (cm) n 2 Value Significance 
High flow ascents £525 15 
Z2eoZzure 2.000 xk 
Nonascents Sie ae 
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